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© An ultrasonic air-in-line detection system for use 
detecting air bubbles in the fluid line (306) of a 
disposable cassette mounted on a main pump unit in 
which a self-test procedure (900) is periodically used 
to ensure that any faults in the ultrasonic air-in-line 
detector which so not fail safe are automatically 
detected. After a pumping cycle is completed, if the 
ultrasonic air-in-line detector indicates that there is 
liquid in the fluid line at the location of the ultrasonic 
sensor, the operating frequency of the transmitting 
ultrasonic transducer (866) is changed to a non- 
resonant frequency for the self-test procedure. If the 
ultrasonic air-in-line detector still produces a signal 
indicating that there is fluid in the line, this indicates 
that there is a failure in the ultrasonic detector and a 
fault is indicated and the system is shut down. 
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ULTRASONIC AIR-IN-LINE DETECTOR SELF-TEST TECHNIQUE 



The present invention relates generally to an 
ultrasonic system for detecting the presence of air 
in a fluid line, and more particularly to a self-test 
procedure for ensuring that any faults in the ul- 
trasoic air-in-line detector which do not fail safe are 
automatically detected by periodically performing a 
self-test procedure. 

In the past there have been two primary tech- 
niques which have been used to deliver drugs 
which may not be orally ingested to a patient. The 
first such technique is through an injection, or shot, 
using a syringe and needle which delivers a large 
dosage at relatively infrequent intervals to the pa- 
tient. This technique is not always satisfactory, 
particularly when the drug being administered is 
potentially lethal, has negative side effects when 
delivered in a large dosage, or must be delivered 
more or less continuously to achieve the desired 
therapeutic effect. This problem results in smaller 
injections being given at more frequent intervals, a 
compromise approach not yielding satisfactory re- 
sults. 

The second technique involves administering a 
continuous flow of medication to the patient, typi- 
cally through an IV bottle. Medication may also be 
delivered through an IV system with an injection 
being made into a complex maze of IV tubes, 
hoses, and other paraphernalia. With drop counters 
being used to meter the amount of bulk fluid deliv- 
ered, many medications still end up being admin- 
istered in a large dosage through an injection into 
the IV lines, although the medications may be 
diluted somewhat by the bulk fluid. 

As an alternative to these two techniques of 
administering medication to a patient, the relatively 
recent addition of medication infusion pumps has 
come as a welcome improvement. Medication infu- 
sion pumps are used to administer drugs to a 
patient in small, metered doses at frequent inter- 
vals or, alternatively, in the case of some devices, 
at a low but essentially continuous rate. Infusion 
pump therapy may be electronically controlled to 
deliver precise, metered doses at exactly deter- 
mined intervals, thereby providing a beneficial 
gradual infusion of medication to the patient. In this 
manner, the infusion pump is able to mimic a 
natural process whereby chemical balances are 
maintained more precisely by operating on a con- 
tinuous time basis. 

One of the requirements of a medication infu- 
sion system is dictated by the important design 
consideration of disposability. Since the portion of 
the device through which the medication is 
pumped must be sterile, in most applications of 
modem medication infusion equipment, some por- 



tions of the equipment are used only once and 
then disposed of, typically at regular intervals such 
as once daily. It is therefore desirable that the fluid 
pump portion of the infusion pump device should 

5 be disposable, with the fluid pump being designed 
as an attachable cassette which is of inexpensive 
design, and which is easily installable onto the 
main pump unit. 

It is clearly desirable to have a simple dispos- 

ro able cassette design to minimise the cost of its 
construction, using the minimum number of parts 
necessary in its design. The design of the cassette 
should be mass produceable, and yet result in a 
uniform cassette which is capable of delivering 

is liquid medication or other therapeutic fluids with a 
high degree of accuracy. The cassette should in- 
clude more than just a fluid pump; other features 
which have formerly been included in peripheral 
devices should also be included in the cassette. 

20 Such a system has been disclosed in the 
present Applicants' co-pending applications pub- 
lished under numbers EP-A-321120, EP-A-319269, 
EP-A-319279, EP-A-319278, EP-A-319276, EP-A- 
320168, EP-A-319273. EP-A-319274, EP-A-319268, 

25 EP-A-319277, EP-A-319275, EP-A-341346, EP-A- 
346548, EP-A-319272 and EP-A-319267. Of these 
applications, EP-A-319277 is incorporated herein 
by reference. 

An essential function of a medication infusion 

30 system is to avoid the infusion of fluid containing 
more than a minimal amount of air bubbles. Al- 
though steps may be taken to minimise the pos- 
sibility of air bubbles being contained in a fluid 
which is to be infused to a patient, it is essential to 

35 monitor the fluid line before it reaches the patient 
to ensure that air bubbles remaining in the fluid to 
be infused are detected. The detection of air bub- 
bles in all fluids which are to be infused is there- 
fore a critical design requirement. 

40 One type of air-in-line detector which has been 
used in the past is an ultrasonic detector, which 
employs an ultrasonic transmitter located on one 
side of a fluid line and an ultrasonic receiver lo- 
cated on the other side of the fluid line. Fluid is a 

45 good conductor of ultrasonic energy while air or 
foam is not. Accordingly, if there is an air bubble in 
the fluid line between the transmitter and the re- 
ceiver, the signal strength will be greatly attenu- 
ated, and the presence of the bubble will be in- 

50 dicated. Examples of ultrasonic air-in-line detectors 
include US Patent No. 4,764.166, to Spani. and US 
Patent No. 4,821 ,558, to Pastrone et al. 

It will at once be realised by those skilled in 
the art that ultrasonic air-in-line detector is a critical 
component of the medication infusion system. As 
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such, all possible failures of the ultrasonic air-in- 
line detector must either fail-safe or be promptly 
detected. An example of a fail-safe condition is the 
failure of one of the transducers, in which case the 
system will indicate that air is present in the fluid 
line even when fluid is present. Other fail-safe 
failures are those which would indicate that liquid is 
present in the fluid line when in fact air is present. 
Such failures should be promptly detected by the 
system, although the references cited above are 
silent as to any apparatus or procedure for detect- 
ing non fail-safe failures. 

There are two known non-fail-safe conditions 
known to occur in an ultrasonic air-in-line detector. 
The first of these is when the output of the receiver 
is stuck high. This occurs typically because there 
is a short in the receiver to V 00 . If this situation 
occurs, the output of the ultrasonic air-in-line detec- 
tor will remain high indicating the presence of 
liquid in the fluid line even when air is in the fluid 
line. 

The second known non-fail-safe failure is when 
there is electrical coupling between the transmitter 
and either of the ultrasonic receiver transducer, the 
receiver circuitry, or the digital output circuitry fol- 
lowing the receiver circuitry. This may occur due to 
situations such as shorts, stray capacitance, or 
stray inductance. Such electrical coupling may 
have a bandwidth anywhere from DC to MHz. Ei- 
ther such electrical coupling or a receiver which is 
stuck high will thus cause the ultrasonic air-in-line 
detector system to indicate that there is liquid in 
the line when infact there is air in the line. 

It is therefore the primary objective of the 
present invention to provide a self-test system 
which will detect all such non-fail-safe occurrences. 
Thus, the self-test system should detect the occur- 
rence of a receiver output stuck high and provide 
an alarm and shut down the pumping system. The 
self-test system should also detect the occurrence 
of electrical coupling which causes a false indica- 
tion of the presence of fluid in the fluid line, and 
provide an alarm and shut down the pumping sys- 
tem. 

Such a self-test should be preformed periodi- 
cally, and sufficiently often to ensure that such a 
failure will be detected promptly before air can be 
pumped into the patient. The self-test system 
should use as few additional components as possi- 
ble, and require no modification to the cassette, yet 
should afford the highest degree of accuracy in 
detecting a system fault. The system of the present 
invention should provide all of these advantages 
and overcome the limitations of the background art 
without incurring any relative disadvantages. 

According to the invention, there is provided an 
ultrasonic air-in-line detection system having an 
ultrasonic transmitter driven at a first resonant fre- 



quency and an ultrasonic receiver for producing a 
first output signal when there is liquid in a fluid 
passageway and a second output signal when 
there is an air bubble in the fluid passageway 

s characterised by a self-test system comprises 
means for driving the ultrasonic transmitter at a 
second non-resonant frequency; means for moni- 
toring the output signal from the ultrasonic receiver 
to determine whether the first output signal or the 

10 second output signal is produced; and means for 
providing a fault siganl if the monitoring means 
determines that the first output signal is produced 
by the ultrasonic receiver when the ultrasonic 
transmitter is driven at the second non-resonant 

75 frequency. 

In a preferred general form, the invention may 
be considered to reside in an ultrasonic air-in-line 
detection system having an ultrasonic transmitter 
driven by a frequency sweep signal encompassing 

20 a resonant frequency and an ultrasonic receiver for 
producing a first output signal when there is fluid in 
a fluid passageway and a second output signal 
when there is an air bubble in the fluid passage- 
way, a self-test system comprising; means for driv- 

25 ing said ultrasonic transmitter at a non-resonant 
frequency; means for monitoring the output signal 
from said ultrasonic receiver to determine whether 
said output or said second output signal is pro- 
duced; and means for providing a fault signal if 

30 said monitoring means determines that said first 
output signal is produced by said ultrasonic re- 
ceiver when said ultrasonic transmitter is driven at 
said non-resonant frequency. 

Preferably, the ultrasonic transmitter comprises 

35 a first ultrasonic transducer located onone side of 
the fluid passageway, the first ultrasonic transducer 
being resonant at the said resonant frequency; and 
means for selectively driving the first ultrasonic 
transducer either at the first resonant frequency or 

40 at the second non-resonant frequency at which the 
first and second ultrasonic transducers are not res- 
onant, the first ultrasonic transducer when driven at 
the first frequency , generating ultrasonic vibrations 
which are transmitted to the said one side of the 

45 fluid passageway and through the fluid passageway 
to be received by the second ultrasonic transducer 
when there is liquid int eh fluid passageway; the 
ultrasonic vibrations substantially not passing 
through the fluid passageway and not being re- 

50 ceived by the second ultrasonic transducer when 
there is an air bubble in the fluid passageway; and 
in which the ultrasonic receiver comprises: a sec- 
ond ultrasonic transducer located on the other side 
of the fluid passageway, the second ultrasonic tran- 

55 sducer also being resonant at the first resonant 
frequency; and a receiver for detecting ultrasonic 
vibrations received by the second tranducer and 
providing either the first output signal or the sec- 
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ond output signal. Preferably, the resonant fre- 
quency of the first and/or the second ultrasonic 
transducer is approximately the first resonant fre- 
quency. 

Preferably, the ultrasonic transmitter is driven 
by a variable frequency ranging from a third fre- 
quency to a fourth frequency, the first resonant 
frequencies falling in the range between the third 
and fourth frequency, and the second non-resonant 
frequency falling outsidethe range between the 
third and fourth frequencies. Preferably, the second 
non-resonant frequency varies substantially from 
the first resonant frequency. 

Preferably, the driving means includes a 
source of the second non-resonant frequency and 
a switching means device for switching between 
the first resonant frequency and the seocnd non- 
resonant frequency. In a preferred system, the driv- 
ing means drives the ultrasonic transmitter periodi- 
cally at the second non-resonant frequency, but 
does not drive the ultrasonic transmitter at the 
second non-resonant frequency if the second out- 
put signal is being produced by the ultrasonic 
receiver. Preferably, also, the driving means drives 
the ultrasonic transmitter at the second non-reso- 
nant for a time sufficiently only to determine wheth- 
er the first output signal or the second signal or the 
second output signal is produced. 

According to another aspect of the invention, 
there is provided a method of testing an air-in-line 
detection system to ensure that it is operating 
properly, the ultrasonic air-in-line detection system 
having an ultrasonic transmitter driven at a first 
resonant frequency and an ultrasonic receiver for 
producing a first output signal when there is liquid 
in a fluid passageway and a second output signal 
when there is an air bubble in the fluid passage- 
way, characterised by: driving the ultrasonic trans- 
mitter at a second non-resonant frequency; moni- 
toring the output signal from the ultrasonic receiver 
to determine whether the first output signal or the 
second output signal is produced; and providing a 
fault signal if in the monitoring step it is determined 
that the first output signal is produced by the 
ultrasonic receiver when the ultrasonic transmitter 
is driven at the second non-resonant frequency. 

Preferably, the method includes initially deter- 
ming whether the first output signal or the second 
output signal output is being produced by the ultra- 
sonic transmitter, an, if the second output signal is 
being produced, not driving the ultrasonic transmit- 
ter at the second non-resonant frequency. The 
method preferably also includes allowing the ultra- 
sonic transmitter to be driven at the first resonant 
frequency if in the monitoring step it is determined 
that the second outptut signal is produced by the 
ultrasonic receiver when the ultrasonic transmitter 
is driven at the non-resonant frequency. 



The disadvantages and limitations of the back- 
ground art discussed above are overcome by the 
present invention. With this invention, a self-test 
system is implemented to determine the presence 

s of failure modes which cause the ultrasonic air-in- 
line detector system to indicate the presence of 
liquid when in fact there is air in the line. The self- 
test procedure requires the addition of no compo- 
nents to the system; rather, a novel use of the 

w existing components is described which results in 
the identification of the non-fail-safe failure modes 
described above. 

The self-test is performed once very pump 
cycle, at the end of the pumping sequence. The 

is air-in-line detector is checked to see if it indicates 
the presence of air in the fluid line. If air is in- 
dicated in the fluid line, the self-test procedure is 
not performed. However, if the air-in-line detector 
indicates the presence of liquid in the fluid line the 

20 self-test procedure is initiated. 

First, the frequency used to excite the ultra- 
sonic transmitter transducer is changed from a 
resonant frequency or frequency range which en- 
compasses its resonant frequency to a frequency 

25 which is far from a resonant frequency of the 
ultrasonic transmitter transducer. Thus, by taking 
advantage of the narrow bandwidth of the ultrasonic 
transducers, the ultrasonic transmitter transducer 
will not transmit a signal at all to the ultrasonic 

30 receiver transducer. The ultrasonic receiver trans- 
ducer should not produce an output signal indicat- 
ing that the signal from the ultrasonic transmitter 
transducer has passed through the fluid line. 

The system should then produce an output 

35 indicating the presence of air in the fluid line. This 
will occur due to the non-resonant frequency em- 
ployed. If there is one of the non-fail-safe faults 
discussed above, the system will still indicate the 
presence of liquid in the fluid line, since a short or 

40 electrical crosstalk are not dependent on the fre- 
quency with which the ultrasonic transmitter trans- 
ducer is driven. 

Thus, if there is an output from the system 
indicating the presence of liquid in the fluid line, 

45 there is clearly an error in the system. In this case, 
a fault is indicated and the pumping system is shut 
down. If the system indicated that there was air in 
the fluid line due to the use of the non-resonant 
frequency, a correct response occurred and the 

so medication infusion system is allowed to continue, 
after the frequency is reset to the resonant fre- 
quency or resonant frequency range. 

I may therefore be appreciated that the present 
invention provides a self-test system which will 

55 detect all such non-fail-safe occurrences. Thus, the 
self-test system will detect the occurrence of a 
receiver ouptut stuck high and provide an alarm 
and shut down the pumping system. The self-test 
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system also will detect the occurrence of electrical 
coupling which causes a false indication of the 
presence of liquid in the fluid line, and provide an 
alarm and shut down the pumping system. 

The self-test system performs the self-test pe- 5 
riodically, and sufficiently often to ensure that such 
a failure will be detected promptly before air can 
be pumped into the patient. The self-test system 
uses no additional components, and requires no 
modification to the cassette, yet it affords the high- io 
est degree of accuracy in detecting a system fault. 
The system of the present invention provides these 
advantages and overcomes the limitations of the 
background art without incurring any relative dis- 
advantage whatsoever. 76 

The invention may be carried into practice in 
various ways and some embodiments will now be 
described by way of example with reference to the 
accompanying drawings. In this description of the 
preferred embodiments, a uniform directional sys- 20 
tern is sued in which front, back, top, bottom, left 
and right are indicated with respect to the operat- 
ing position of the cassette and main pump unit 
when viewed from the front of the main pump unit. 
In the accompanying drawings: 25 
Figure 1 is a top plan view of a disposable 
cassette body showing most of the fluid path 
through the cassette; 

Figure 2 is a top plan view of a disposable 
cassette body shown in Figure 1 ; 30 
Figure 3 is a rear-elevation (inverted) of the 
cassette body shown in Figures 1 and 2; 
Figure 4 is a bottom view of the cassette body 
shown in Figures 1 to 3; 

Figure 5 is a right side view (inverted) of the 35 
cassette body shown in Figures 1 to 4; 
Figure 6 is a left side view of the cassette body 
showing in Figures 1 to 5; 
Figure 7 is a partially cutaway view from the 
front of the cassette body shown in Figures 1 to 40 
6, showing the bubble trap used to remove air 
bubbles from the fluid supplied to the cassette; 
Figure 8 is a partially cutaway view from the 
right side (inverted) of the cassette body shown 
in Figures 1 to 6, showing the cylinder of the 45 
fluid pump contained in the cassette; 
Figure 9 is a top plan view of a valve diaphragm 
used to seal the passageways on the top sur- 
face of the cassette body showing in Rgure 1 ; 
Figure 10 is a bottom view of the valve dia- so 
phragm shown in Rgure 9; 
Figure 1 1 is a vertical section through the valve 
diaphragm shown in Figures 9 and 10, viewed 
from the rear; 

Figure 12 is a partially cutaway view from the 55 
right side of the valve diaphragm shown in Fig- 
ures 9 and 10; 

Figure 13 is a top plan view of a valve dia- 



phragm retainer used to retain the valve dia- 
phragm shown in Figures 9 to 12; 
Figure 14 is a bottom view of the valve dia- 
phragm retainer shown in Figure 13; 
Rgure 15 is a rear elevation of the valve dia- 
phragm retainer shown in Figures 13 and 14; 
Figure 16 is a front elevation of the valve dia- 
phragm retainer shown in Rgures 13 to 15; 
Rgure 17 is a right side view of the valve 
diaphragm retainer shown in Rgures 13 to 16; 
Rgure 18 is a left side view of the valve dia- 
phragm retainer shown in Rgures 13 to 17; 
Rgure 19 is a vertical section through the valve 
diaphragm retainer shown in Figures 13 to 18, 
viewed from the front; 

Rgure 20 is a partially cutaway view from the 
left side of the valve diaphragm retainer shown 
in Rgures 13 to 19; 

Figure 21 is a partially cutaway view from the 
right side of the valve diaphragm retainer shown 
in Rgures 13 to 20; 

Figure 22 is a top view of a bubble chamber 
cap; 

Figure 23 is a bottom view of the bubble cham- 
ber cap shown in Rgure 22; 
Rgure 24 is a left side view of the bubble 
chamber cap shown in Figures 22 and 23; 
Rgure 25 is a cutaway view from the rear of the 
bubble chamber cap shown in Rgures 22 to 24; 
Rgure 26 is a cutaway view (inverted) from the 
right side of the bubble chamber cap shown in 
Rgures 22 to 24; 

Rgure 27 is a top plan view of a slide latch used 
both the lock the cassette in place on a main 
pump unit, and to pinch off the IV outlet line 
prior to installation on the main pump unit; 
Rgure 28 is a right side view of the slide latch 
shown in Rgure 27; 

Rgure 29 is a bottom view of the slide latch 
shown in figures 27 and 28; 
Figure 30 is a rear view of the slide latch shown 
in Figures 27 to 29; 

Rgure 31 is a front elevation of the slide latch 

shown in Figures 27 to 30; 

Figure 32 is a cutaway view (inverted) from the 

left side of the slide latch shown in Rgures 27 to 

31; 

Rgure 33 is a side view of the piston cap and 
boot seal, which function both as a piston and 
as a bacterial seal; 

Rgure 34 is a view from above of the piston cap 
and boot seal shown in Rgure 33; 
Rgure 35 is a view from below of the piston cap 
and boot seal shown in Rgures 33 and 34; 
Rgure 36 is a vertical section through the piston 
cap and boot seal shown in Rgures 33 to 35; 
Rgure 37 is a rear view of a piston for insertion 
into the piston cap and boot seal shown in 
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Figures 33 to 36; 

Figure 38 is a front view of the piston shown in 
Figure 37; 

Figure 39 is a top view of the piston shown in 
Figures 37 and 38; 5 
Figure 40 is a left side view of the piston shown 
in Rgures 37 to 39; 

Figure 41 is a bottom view of the piston shown 
in Figures 37 to 40; 

Figure 42 is a cutaway view (inverted) from the 10 
right side of the piston shown in Rgures 37 to 
41; 

Rgure 43 is a perspective view from above of a 
tubing adaptor for installation in the outlet tube 
below the slide latch; 75 
Rgure 44 is a cutaway view of the tubing adapt- 
or shown in Rgure 43; 

Rgure 45 is a perspective view from above of 
an assembled cassette using the components 
shown in Rgures 1 to 44, with the slide latch in 20 
the opened position; 

Rgure 46 is a bottom view of the assembled 
cassette shown in Rgure 45, with the tubing 
adaptor removed for clarity and the slide latch in 
the opened position; 25 
Rgure 47 is a perspective view from above of 
the assembled cassette shown in Rgures 45 
and 46 t with the slide latch in the closed posi- 
tion; 

Rgure 48 is a bottom view of the assembled 30 
cassette shown in Rgures 45 to 47, with the 
tubing adaptor removed for clarity and the slide 
latch in the closed position; 
Rgure 49 is a left side view of the latch head 
used to capture and actuate the piston; 35 
Rgure 50 is a right side view of the latch head 
shown in Rgure 49; 

Rgure 51 is a bottom view of the latch head 
shown in Figures 49 and 50; 

Rgure 52 is top view of the latch head shown in 40 
Figures 49 to 51; 

Rgure 53 is a cutaway view from the right side 
of the latch head shown in Figures 49 to 52; 
Rgure 54 is a right side view of the spring 
retainer to be mounted in the latch head shown 45 
in Figures 49 to 52; 

Rgure 55 is a front view of the spring retainer 
shown in Rgure 54; 

Rgure 56 is a left side view of the latch jaw to 

be mounted on the latch head shown in Figures so 

49 to 52; 

Rgure 57 is a bottom view of the latch jaw 
shown in Figure 56; 

Figure 58 is a rear view of the latch jaw shown 
in Rgures 56 and 57; 55 
Figure 59 is a left side view of the jaws assem- 
bly in the open position, the jaws assembly 
being made up of the latch head shown in 



Rgures 49 to 52, the spring retainer shown in 
Rgures 54 and 55, the latch jaw shown in Rg- 
ures 56 to 58. a latch spring, and pins to assem- 
ble the various components together; 
Rgure 60 is a bottom view of the jaws assembly 
shown in Rgure 59, with the jaws assembly 
being shown in the open position; 
Rgure 61 is a left side view of the jaws assem- 
bly shown in Rgures 59 and 60, with the jaws 
assembly being shown in the closed position 
(and in the open position in phantom lines); 
Rgure 62 is a bottom plan view of the main 
pump unit chassis; 

Rgure 63 is a front view of the main pump unit 
chassis shown in Figure 62; 
Figure 64 is a top plan view of the main pump 
unit chassis shown in Figures 62 and 63; 
Rgure 65 is a rear view (inverted) of the main 
pump unit chassis shown in Rgures 62 to 64; 
Figure 66 is a perspective top view of the cas- 
sette guide used to position the cassette of 
Rgures 45 to 48 on the main pump unit; 
Figure 67 is a sectional view of the cassette 
guide shown in Rgure 66; 
Rgure 68 is a top view of the cassette guide 
shown in Rgures 66 and 67; 
Rgure 69 is a bottom view of the cassette guide 
shown in Rgures 66 to 68; 
Rgure 70 is a side view of the pump shaft on 
which the jaws assembly shown in Figures 59 to 
61 is mounted; 

Rgure 71 is a right side view of the slide lock 
used to retain the cassette shown in Rgures 43 
to 48 in position on the main pump unit; 
Rgure 72 is a bottom view of the slide lock 
shown in Rgure 71 ; 

Rgure 73 is a left side view (inverted) of the 
slide lock shown in Rgures 71 and 72, showing 
the bevel used to reflect the light beam from the 
optical light source away from the optical light 
sensor when the slide lock is in the open posi- 
tion; 

Rgure 74 is a top view of the slide lock shown 
in Rgures 71 to 73, showing the reflective sur- 
face used to reflect the light beam from the 
optical light source to the optical light sensor 
when the slide lock is in the closed position; 
Rgure 75 is a front view of the slide lock shown 
in Rgures 71 to 74; 

Rgure 76 is a rear view of the slide lock shown 
in Rgures 71 to 75, showing the slanted sur- 
faced used to reflect the light beam away from 
the corresponding sensor when the slide lock is 
in the open position; 

Figure 77 is a perspective view from above of 
the upper sensor housing; 
Rgure 78 is a vertical section through the upper 
sensor housing shown in Figure 77; 
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Figure 79 is a top plan view of the upper sensor 

housing shown in Figures 77 and 78; 

Figure 80 is a bottom plan view of the upper 

sensor housing shown in Figures 77 to 79; 

Figure 81 is a perspective view from above of 5 

the lower sensor housing; 

Figure 82 is a vertical section through the lower 

sensor housing shown in Figure 81; 

Figure 83 is a perspective view from beneath of 

the lower sensor housing shown in Figures 81 10 

and 82; 

Figure 83A is a bottom plan view of the lower 
sensor housing shown in Figures 81 to 83; 
Figure 84 is a top plan view of a portion of a flex 
circuit used to Interface electrically with a pair of 75 
ultrasonic transducers; 

Figure 85 is a partially exploded perspective 
view showing how the ultrasonic transducers are 
attached to the flex circuit using conductive 
transfer tape; 20 
Figure 85 A is a partially exploded perspective 
view showing an alternative embodiment in 
which portions of the flex circuit and the conduc- 
tive transfer tape on the rear sides of the ultra- 
sonic transducers have apertures therethrough; 25 
Figure 86 is a perspective view from beneath 
showing the assembly of Figure 85 installed in 
the upper sensor housing; 
Figure 87 is a perspective view from beneath 
showng a miniature circuit board installed on the 30 
flex circuit of the assembly of Figure 86; 
Rgure 88 is a front elevation of an optical sen- 
sor module; 

Figure 89 is a side elevation of the optical 
sensor module shown in Rgure 88; 35 
Figure 90 is a top plan view of the optical 
sensor module shown in Figures 88 and 89; 
Figure 91 is a front view of a valve actuator; 
Rgure 92 is a side view of the valve actuator 
shown in Figure 91 ; 40 
Rgure 93 is a bottom plan view of the valve 
actuator shown in Rgures 91 and 92; 
Rgure 94 is a top plan view of one of the 
actuator guides used to guide and retain in 
position the valve actuators for one cassette; 45 
Rgure 95 is a side view of the actuator guide 
shown in Figure 94; 

Rgure 96 is a top plan view of a pressure 
transducer; 

Rgure 97 is a side view of the pressure trans- 50 

ducer shown in Rgure 96; 

Rgure 98 is a bottom plan view of the 

elastomeric valve actuator seal used to bias the 

valve actuators into an upward position; 

Rgure 100 is a cutaway view of the valve ac- 55 

tuator seal shown in Figure 99; 

Rgure 101 is a perspective view of the main 

pump unit chassis having the various compo- 



nents for one pump mounted thereon; 
Rgure 102 is a bottom view of the main pump 
unit chassis having the various components for 
one pump mounted thereon, with the slide lock 
in the open position ready to receive a cassette; 
Rgure 103 is a bottom view of the main pump 
unit chassis shown in Figure 102, with the slide 
lock in the closed position as it would be if a 
cassette were installed and latched onto the 
main pump unit; 

Figure 104 is a side view showing a cassette in 
position to be installed on the main pump unit; 
Rgure 105 is a side view showing the cassette 
as it is engaging the main pump unit, with the 
tubing adaptor engaging the flared recess in the 
bottom of the sensor housing to draw the outlet 
tube into engagement between the ultrasonic 
transducers; 

Figure 106 is a side view showing the cassette 
fully installed on the main pump unit with the 
slide latch closed and the outlet tube in full 
engagement between the ultrasonic transducers 
in the sensor housing; 

Rgure 107 is a block diagram of the entire 
operating system of the infusion pump of the 
present invention, showing the ultrasonic air-in- 
line detector system and self test therefor; 
Rgure 108 is a schematic diagram of the trans- 
mitting circuitry for the ultrasonic air-in-line de- 
tector system for all three channels; 
Figure 109 is a block diagram of the receiver 
circuitry for one channel, the circuitry having an 
output signal; 

Rgure 110 is a schematic diagram of the pro- 
cessing circuitry used to process the output 
signal from the receiver circuitry to produce an 
AILD Output signal for each channel and an 
interrupt signal indicating a change in state of 
the AILD Output signal of one of the three 
channels; 

Rgure 111 shows various waveforms generated 
by the circuitry of Rgures 108, 109 and 110; 
Rgure 112 is a simplified flow diagram illustrat- 
ing the operation of the air-in-line detector moni- 
toring system; and 

Figure 113 is a simplified flow diagram illustrat- 
ing the operation of the air-in-line detector self 
test system. 



The Cassette 

The preferred embodiment of the cassette of 
the present invention includes all of the features 
described above in a single compact disposable 
cassette constructed of seven parts. Prior to a 
discussion of the construction and operation of the 
cassette, it is advantageous to discuss the con- 
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struction and configuration of the seven compo- 
nents included in the cassette. The first of these 
components and the one around which the other 
six components are assembled is a cassette body 
100, which is shown in Figures 1 to 8. The cassette 
body 100 has an upper surface portion 102 which 
is essentially flat with a number of protrusions and 
indentations located in the top surface thereof 
(Figure 1). The upper surface portion 102 has a 
thickness sufficient to accommodate the indenta- 
tions mentioned above, some of which are fluid 
passageways which will be discussed below. 

Referring generally to Figures 1 to 8, a bubble 
trap 104 is located at the front right corner of the 
cassette body 100 below the upper surface portion 
102. The bubble trap 104 is essentially square in 
cross-section (Figure 4). It includes a bubble cham- 
ber 106 which is open at the bottom and closed at 
the top by the bottom of the upper surface portion 
102 of the cassette body 100. 

A siphon tube 108 is located in the bubble 
chamber 106; the siphon tube 108 has a bore 110 
leading from the bottom of the bubble chamber 
106 to the top of the upper surface portion 102 of 
the cassette body 100. 

Located behind the bubble trap 104 below the 
upper surface portion 102 of the cassette body 100 
on the right side thereof is a pump cylinder 112 
(Figures 2 to 5, 8). The pump cylinder 112 does 
not extend downwards as far as does the bubble 
trap 104. The pump cylinder 112 is open at its 
bottom end and is arranged and configured to 
receive a piston which will be discussed below. 
The inner configuration of the pump cylinder 112 
includes a main diameter bore 114, with a greater 
diameter bore 116 near the bottom of the pump 
cylinder 112. The interior of the bottom of the 
pump cylinder 112 below the greater diameter bore 
116, and also the area immediately between the 
greater diameter bore 116 and the main diameter 
bore 114, are both tapered to facilitate entry of the 
piston. The top of the main diameter bore 114 
terminates in a frustoconcial smaller diameter ap- 
erture 118 leading to the top of the upper surface 
portion 102 of the cassette body 100. The smaller 
diameter aperture 118 is tapered, having the small- 
er diameter at the top. 

Extending from the rear of the exterior of the 
bubble trap 104 and facing the pump cylinder 112 
are two piston retaining fingers 120 and 122 
(Figures 2 and 4), defining slots. The slots defined 
by the two piston retaining fingers 120 and 122 
face each other, and are open at the bottom to 
accept in a sliding fashion a flat segment fitting 
between the two piston retaining fingers 120 and 
122. The two piston retaining fingers 120 and 122 
extend from the lower surface of the upper surface 
portion 102 of the cassette body 100 to a position 



between the bottom of the pump cylinder 112 and 
the bottom of the bubble trap 104. 

Also extending from the bottom side of the 
upper surface portion 102 of the cassette body 100 

s are two latch supporting fingers 124 and 126 
(Figures 1 to 4 and 7). The latch supporting finger 
124 extends downwards from the left side of the 
upper surface portion 102 and at the bottom ex- 
tends towards the right slightly to form an L-shape 

w in cross section. The latch supporting finger 124 
extends towards the front of the cassette body 100 
further than the upper surface portion 102 does 
and terminates approximately two-thirds of the way 
towards the back of the upper surface portion 102 

75 of the cassette body 100. 

The latch supporting finger 126 extends down- 
wards from the bottom of the upper surface portion 
102 of the cassette body 100 with the left side of 
the bubble trap 104 forming a portion of the latch 

20 supporting finger 126. At the bottom, the latch 
supporting finger 126 extends towards the left 
slightly to form a backwards L-shape in cross sec- 
tion. The latch supporting finger 126 parallels the 
latch supporting finger 124, and is equal in depth 

25 (Figure 4). The latch supporting fingers 124 and 
126 together will hold the slide latch, to be de- 
scribed below. 

The passageways located in the top of the 
upper surface portion 102 of the cassette body 100 

30 will now be described with primary reference to 
Figure 1. These passageways are all open on the 
top side of the upper surface portion 102, and are 
generally U-shaped as they are recessed into the 
top of the upper surface portion 102. A first pas- 

35 sageway 128 communicates with the bore 110 in 
the siphon tube 108 of the bubble trap 104 at one 
end and extends towards the back of the upper 
surface portion 102 to a location to the right of the 
smaller diameter aperture 118 of the pump cylinder 

40 112. 

A cylindrical pressure plateau 130, which is 
essentially circular when viewed from the top, ex- 
tends above the upper surface portion 102 slightly 
to the left of centre. The top of the pressure 

45 plateau 130 is flat, with a channel 132 extending 
across this flat top. The channel 132 extends from 
the five o'clock to eleven o'clock positions as view- 
ed from the top in Figure 1, with the back of the 
cassette body being at 12 o'clock. The channel 

so 132 is also shown in cross-section in Figure 115, 
and in a cutaway view in Figure 116. The depth of 
the channel 132 in the surface of the pressure 
plateau 130 is not quite as great as the height of 
the pressure plateau 130 above the upper surface 

55 portion 102 of the cassette body 100, with the 
channel 132 gradually becoming deeper with 
smooth transition at the edges of the pressure 
plateau 130 to extend into the upper surface por- 
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tion 102 of the cassette body 100 (Figure 1 16). 

A second passageway 134 in the top of the 
upper surface portion 102 begins at a location to 
the left of the smaller diameter aperture 118 of the 
pump cylinder 112, and extends towards the front 
of the upper surface portion 102 approximately 
above the latch supporting finger 126. The second 
passageway 134 then travels to the left to connect 
in fluid communication with the end of the channel 
132 located at the five o'clock position. A third 
passageway 136 in the top of the upper surface 
portion 102 begins at the end of the channel 132 
loated at, the eleven o'clock position and extends 
towards the back and left of the cassette body 100. 

At the end of the third passageway 136, there 
is a recessed lens portion 138, which is used to 
focus and reflect light to detect air bubbles passing 
in front of it. The recessed lens portion 138 is also 
recessed into the top of the upper surface portion 
102 of the cassette body 100 to allow fluid to pass 
therethrough. The recessed lens portion 138 is part 
of the apparatus which forms the subject of a co- 
pending patent application. A fourth passageway 
140 in the top of the upper surface portion 102 
begins at the other side of the recessed lens por- 
tion 138 from the third passageway 136, and ex- 
tends from the left and back of the cassette body 
100 towards the front and right around the pressure 
plateau 130 to a location at approximately seven 
o'clock on the pressure plateau 130. It should be 
noted that the fourth passageway 140 is spaced 
away from the pressure plateau 130 to allow for 
sealing means therebetween. 

The end of the fourth passageway 140 termi- 
nates at the seven o'clock position relative to the 
pressure plateau 130 in an aperture 142 extending 
through the upper surface portion 102 (Figure 1). 
Located underneath the upper surface portion 102 
concentrically around the aperture 142 is an outlet 
tube mounting cylinder 144 (Figures 3 an 4) which 
is in fluid communication with the aperture 142. 
The outlet tube mounting cylinder 144 extends 
downwards from the bottom of the upper surface 
portion 102 to a position above the portions of the 
latch supporting fingers 124 and 126 which extend 
parallel to the upper surface 102 of the cassette 
body 100. A support fin 145 extends to the right 
from the front of the outlet tube mounting cylinder 
144. 

Located on top of the upper surface 102 of the 
cassette body 100 is a slightly raised border 146 
(Figures 1 and 2) which completely surrounds the 
first passageway 129, the smaller diameter ap- 
erture 118, the second passageway 134, the pres- 
sure plateau 130, the third passageway 136, the 
recessed lens portion 138, and the fourth passage- 
way 140. The slightly raised border 146, which is 
used for sealing purposes, closely surrounds the 



edges of all these parts of the cassette body 100, 
except that it is spaced away from the portions of 
the first passageway 128 and the second passage- 
way 134 adjacent the smaller diameter aperture 

5 118, and the smaller diameter 1 1 8. 

The form of the boarder 146 around the small- 
er diameter aperture 118 is generally rectangular 
with its longer sides located to the front and back 
and spaced away from the valve diaphragm 170, 

10 and its shorter sides to the right of the portion of 
the first passageway 129 adjacent the smaller di- 
ameter aperture 1 1 8 and to the left of the portion of 
the second passageway 134 adjacent the smaller 
diameter aperture 118. The rectangle is broken 

15 only at those locations where the first and second 
passageways 128, 134 extend towards the front of 
the cassette body 100. 

The border 146 has a segment 147 located 
between the portion of the first passageway 128 

20 adjacent the smaller diameter aperture 118 and the 
smaller diameter aperture 118 itself, with the seg- 
ment 147 extending between the two longer sides 
of the rectangle. It also has another segment 149 
located between the portion of the second pas- 

25 sageway 134 adjacent the smaller diameter ap- 
erture 118 and the smaller diameter aperture 118 
itself, with the segment 149 extending between the 
two longer sides of the rectangle. The border 146 
is also spaced away from the sides of the pressure 

30 plateau 130, and the portions of the second pas- 
sageway 134 and the third passageway 136 imme- 
diately adjacent the pressure plateau 130. 

Located at the back of the upper surface 102 
of the cassette body 100 are three cassette iden- 

35 tifying indicia 148,150, and 152. The first and third 
cassette identifying indicia 148 and 152 are small, 
solid cylinders extending upwards from the top of 
the upper surface 102 (Figures 1 and 3). 

The second cassette identifying indicia 150 is a 

40 prism cut into the under side of the upper surface 
102 of the cassette body 100 (Figure 4). The first, 
second, and third indicia 148,150 and 152 are the 
subject of a co-pending patent application. It will be 
noted that the indicia 148,150 and 152 may be in 

45 any order or configuration, and are used for dif- 
ferent ID codes to identify up to eight different 
cassettes. Additional ID bits couid also be used if 
more than eight different cassettes were to be 
used. If redundant codes are desired, the three bits 

so would of course accommodate the use of less than 
eight different cassettes. 

Completing the construction of the cassette 
body 100 are five hollow cylinders 154, 156, 158, 
160 and 162 protruding from the top surface of the 

55 upper surface 102 of the cassette body 100, an 
aperture 161 and a slot 164 located in the top of 
the upper surface 102, and a slot 166 located in 
the top surface of the latch supporting finger 124. 
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Four of the hollow cylinders 154, 156. 158 and 160 
are located around the pressure plateau 130, with 
the fifth hollow cylinder 162 being located to the 
left of the aperture 110 over the bubble trap 104. 
The aperture 161 is located in the top of the upper 
surface 102 in front and to the right of centre of the 
pressure plateau 130. The slot 164 is located in the 
top of the upper surface 102 near the back and the 
right hand side. The slot 166 is located in the top 
surface of the latch supporting finger 124 near the 
front of the cassette body 1 00. 

Referring now to Figures 9 to 12, a valve 
diaphragm 170 is shown which is arranged and 
configured to fit over the top of the upper surface 
102 of the cassette body 100. The valve diaphragm 
170 is made of flexible, resilient material, such as a 
medical grade silicone rubber. The hardness of the 
material used for the valve diaphragm 170 would 
be between thirty and fifty on the Shore A scale, 
with the preferred embodiment having a hardness 
of approximately thirty-five. The valve diaphragm 
170 has three primary functions, the fist of which is 
to seal the tops of the first, second, third, and 
fourth passageways 128, 134, 136 and 140, re- 
spectively. Accordingly, the main surface of the 
valve diaphragm 170 is flat, and is sized to fit over 
the first, second, third, and fourth passageways 
128, 134, 136 and 140, respectively, and also over 
the entire slightly raised border 146. The flat por- 
tion of the valve diaphragm 170 has three ap- 
ertures 172, 174. and 176, and a notch 175 to 
accommodate the hollow cylinders 156, 160 and 
162 and a pin fitting into the aperture 161 (Figure 
1), respectively, and to align the valve diaphragm 
170 in position over the top of the upper surface 
102. It should be noted that the valve diaphragm 
170 does not necessarily surround the other two 
hollow cylinders 154. 158. 

The second primary function of the valve dia- 
phragm 170 is to provide both an inlet valve be- 
tween the first passageway 128 and the smallest 
diameter aperture 118 leading to the pump cylinder 
112. and to provide an outlet valve between the 
smaller diameter aperture 118 and the second pas- 
sageway 134. To fulfil this function the valve dia- 
phragm 170 has an essentially rectangular domed 
portion 178 (Figures 9 to 12)fonming a cavity 180 in 
the bottom of the valve diaphragm 170. When the 
valve diaphragm 170 is installed in position on the 
top of the upper surface 102 of the cassette body 
100, the cavity 180 will be located just inside the 
rectangular portion of the slightly raised border 146 
around the smaller diameter aperture 118 leading 
to the pump cylinder 112. 

The cavity 180 will therefore be in fluid com- 
munication with the first passageway 128, the 
smaller diameter aperture 118, and the second 
passageway 134. Prior to installation of the cas- 



sette onto the main pump unit, the cavity 180 
allows the open fluid path to facilitate priming of 
the cassette, where all air is removed from the 
system. Once primed, the cassette may be in- 

5 serted onto the main pump unit and the cavity 180 
will contact valve actuators to prevent free flow 
through the cassette. By using an inlet valve ac- 
tuator to force the domed portion 178 onto the 
segment 147 of the slightly raised border 146, the 

70 flow of fluid between the first passageway 128 and 
the smaller diameter aperture 118 will be blocked, 
but flow between the smaller diameter aperture 118 
and the second passageway 134 will be unaffected. 
Likewise, by using an outlet valve actuator to force 

is the domed portion 178 onto the segment 149 of 
the slightly raised border 146, flow between the 
smaller diameter aperture 118 and the second pas- 
sageway 134 will be blocked, but flow between the 
first passageway 128 and the smaller diameter 

20 aperture 118 will be unaffected. Extending around 
and spaced away from the front and sides of the 
domed portion 178 on the top surface of the valve 
diaphragm 170 is a U-shaped raised rib 181, the 
legs of which extend to the back of the valve 

25 diaphragm 170 (Figure 9). 

The third primary function of the valve dia- 
phragm 170 is to provide a pressure diaphragm 
which may be used to monitor outlet fluid pressure. 
Accordingly, the valve diaphragm 170 has a pres- 

30 sure diaphragm 182 which is supported atop an 
upper cylindrical segment 184, which in turn is 
located on a lower cylindrical segment 186 extend- 
ing above the surface of the valve diaphragm 170. 
The cylindrical segments 184 and 186 have the 

35 same inner diameter but the lower cylindrical seg- 
ment 186 has a greater outer diameter. Thus, a 
portion of the top of the lower cylindrical segment 
186 extends around the bottom of the upper cylin- 
drical segment 184, creating a lip 188. In the 

40 preferred embodiment, the pressure diaphragm 
182 may be domed slightly, as seen in Figure 11. 

Turning now to Figures 13 to 23, a retainer cap 
190 is shown which fits over the valve diaphragm 
170 after it is mounted on the top of the upper 

45 surface 102 of the cassette body 100. The retainer 
cap 190 thus functions to cover the top of the 
cassette body 100, retaining the valve diaphragm 
170 between the retainer cap 190 and the cassette 
body 100 in a sealing fashion. The retainer cap 190 

50 thus has the same general outline when viewed 
from above (Figure 12) as the cassette body 100. 
Located in the bottom of the retainer cap 190 
(Figure 14) are six pins 192, 194, 196, 198, 200, 
and 199, which are to be received by the hollow 

55 cylinders 154, 156, 158, 160 and 162 and the 
aperture 161, respectively, in the cassette body 
100 to align the retainer cap 190 on the cassette 
body 100. Also located in the bottom of the retainer 
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cap 190 is a tab 202 to be received by the slot 
164, and tab 204 to be received by the slot 166. 

The retainer cap 190 has three apertures 206. 
208 and 210 therethrough located to coincide with 
the locations of the first, second and third cassette 
identifying indicia 148, 150 and 152. The size of 
the three apertures 206, 208 and 210 is sufficient 
to receive the small, solid cylinders which repre- 
sent the first and third cassette idenfying indicia 
148, 152. 

Located in the retainer cap 190 is a rectangular 
aperture 212 (Figures 13, 14, 19 and 20) for loca- 
tion over the domed portion 178 on the valve 
diaphragm 170. 

The rectangular aperture 212 is slightly larger 
than the domed portion 178 to prevent any closure 
of the cavity 180 formed by the domed portion 178 
when the retainer cap 190 is placed over the valve 
diaphragm 170 and the cassette body 100. The 
domed portion 178 of the valve diaphragm 170 will 
therefore protrude through the rectangular aperture 
212 in the retainer cap 190. In the bottom of the 
retainer cap 190 around the rectangular aperture 
212 is a U-shaped groove 214 (Figure 14) de- 
signed to accommodate the U-shaped raised rib 
181 on the valve diaphragm 170. 

Also located in the retainer cap 190 is a cir- 
cular aperture 216 (figures 13 nd 14), which has a 
diameter slightly larger than the outer diameter of 
the upper cylindrical segment 184 on the valve 
diaphragm 170, to allow the upper cylindrical seg- 
ment 184 and the pressure diaphragm 182 to pro- 
trude from the circular aperture 216 in the retainer 
cap 190. The diameter of the circular aperture 216 
is smaller than the outer diameter of the lower 
cylindrical segment 186; on the underside of the 
retainer cap 190. disposed concentrically around 
the circular aperture 216, there is a cylindrical 
recess 218 arranged to receive the lower cylin- 
drical segment 186. A circular raised bead 220 
(Rgures 14, 19 and 21) is located in the cylindrical 
recess 218 to help in the sealing of the cassette as 
it is assembled. 

The retainer cap 190 has a front edge 222 
(Figure 16), a back edge 224 (Figure 15) and left 
(Figure 18) and right (Figure 17) side edges 226 
and 228 respectively. The edges 222, 224, 226 and 
228 will contact the top of the upper surface 102 
when the retainer cap 190 is assembled onto the 
cassette body 100 with the valve diaphragm 170 
disposed therebetween. The retainer cap 190 Is 
attached to the cassette body 100 in the preferred 
embodiment by ultrasonic welding, but adhesives 
or other bonding techniques known in the art may 
also be used. 

Referring next to Figures 22 to 26. a bubble 
chamber cap 230 is illustrated which is placed over 
the open bottom of the bubble trap 104. The bot- 



tom of the cap 230 is the same size as the outer 
edge of the bottom of the bubble trap 104, and has 
a tab 232 (Figures 22 to 24) on the bottom which 
projects towards the back of the cassette beyond 

5 the back edge of the bubble trap 104. The cap 230 
has a rectangular wall portion 234 extending up- 
wards from the bottom defining a square space, 
the rectangular wall portion 234 being sized to fit 
inside the bubble chamber 106. 

io Located at the front and left sides of the rec- 
tangular wall portion 234 and extending upwards 
from the bottom of the bubble chamber cap 230, 
there is an inlet cylinder 236 having an inlet ap- 
erture 238. The inlet aperture 238 extends through 

15 the bottom of the bubble chamber cap 230 and is 
designed to receive a length of tubing from the 
bottom. The cap 230 is attached to the bottom of 
the bubble trap 104 in the cassette body 100 in the 
preferred embodiment by ultrasonic welding, but 

20 adhesives or other bonding techniques known in 
the art may also be used. 

When the bubble chamber cap 230 is mounted 
on the bubble trap 104, the inlet cylinder 236 
extends up to at least half of the height of the 

25 bubble chamber 106, and the siphon tube 108 
draws fluid from the bottom of the siphon tube 108 
in the space within the rectangular wall portion 234 
of the bubble chamber cap 230. It will be appre- 
ciated by those skilled in the art that fluid will enter 

30 the bubble chamber 106 through the inlet aperture 
238 in the inlet cylinder 236 near the top of the 
siphon tube 108, maintaining all air bubbles above 
the level near the bottom of the bubble chamber 
106 at which fluid is drawn from the bubble cham- 

35 ber 106 by the siphon tube 108. 

Figures 27 to 32 show a slide latch 240 which 
serves two main functions in the cassette. The 
slide latch 240 first serves to latch the cassette into 
place in a main pump unit. It also serves to block 

40 the flow of fluid through the cassette when it is not 
installed; closing the slide latch 240 to lock the 
cassette into place on the main pump unit also 
simultaneously allows the flow of fluid through the 
cassette. The slide latch 240 slides from the front 

45 of the cassette body 100 between the latch sup- 
porting fingers 124 and 126. 

The slide latch 240 has an essentially rectan- 
gular, flat front portion 242 which is equal in height 
to the cassette body 100 with the retainer cap 190 

50 and the bubble chamber cap 230 installed, and is 
equal in width to the distance between the left side 
of the bubble trap 104 and the left side of the 
cassette body 100. Two small notches 244 and 246 
are removed from the rear of the front portion 242 

55 at the top left and right corners respectively. 

Extending from the rear of the front portion 
242. about three-quarters of the way down, there is 
a horizontal bottom portion 248 which has its edges 
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directly below the closest edges of the small 
notches 244 and 246. An inverted angled or L- 
shaped portion 250 extends from the inner edge of 
the small notch 244 at the top of the slide latch 240 
down to the bottom portion 248. Similarly, an in- 
verted, backwards angled or L-shaped portion 252 
(Figures 27 and 28) extends from the inner edge of 
the small notch 246 at the top of the slide latch 240 
down to the bottom portion 248. 

Spaced outwardly from the left side of the 
bottom portion 248 and the left side of the leg of 
the L-shaped portion 250 is a left slide side 254. 
Likewise, spaced outwardly from the right side of 
the bottom portion 248 and the right side of the leg 
of the L-shaped portion 252 is a right slide side 
256 (Figures 28 and 30). The left and right slide 
sides 254 and 256 are located slightly above the 
bottom of the bottom portion 248 and are of a 
suitable height for engagement in the latch sup- 
porting fingers 124 and 126 respectively. 

An elongated tear-shaped aperture is located in 
the bottom portion 248, with the wider portion to- 
wards the front of the slide latch 240 and the 
extended narrower portion towards the back. When 
the slide latch 240 is inserted into the latch sup- 
porting fingers 124 and 126 on the cassette body 
100, and the slide latch 240 is pushed fully towards 
the back of the cassette body 100, the wider por- 
tion of the aperture 258 will be aligned with the 
aperture 142 in the outlet tube mounting cylinder 
144 (Figure 4) to allow a segment of tubing (not 
shown) leading from the aperture 142 to remain 
open. When the slide 240 is pulled out from the 
front of the cassette body 100, the segment of 
tubing (not sown) will be pinched off by the nar- 
rower portion of the aperture 258. 

It is critical that the design and location of the 
elongate, tear-shaped aperture 258 ensure that the 
slide latch 240 engages the main pump unit before 
the tubing is opened and fluid is allowed to flow 
through the cassette. Likewise, the tubing must be 
pinched off and the fluid path through the cassette 
must be closed before the slide latch 240 releases 
the cassette from the main pump unit. In addition, 
the choice of material for the slide latch 240 is 
important, with a lubricated material allowing the 
pinching operating to occur without damaging the 
tubing (not shown). Examples of such materials are 
silicone or Teflon impregnated acetals such as 
Delren. 

Located at the back of the slide latch 240 on 
the inside of the right slide side 256 at the bottom, 
there is a tab 257 (Figures 27, 30 and 32) which is 
used to engage the main pump unit with the cas- 
sette when the slide is closed. Located on the top 
side of the bottom portion 248 to the right of the 
aperture 258 is a small wedge-shaped retaining tab 
259 (Figure 27. 30 and 32). The retaining tab 259 



cooperates with the bottom of the support fin 145 
to resist the slide latch 240 from being freely 
removed once installed into the cassette body 100. 
When the slide latch 240 is pulled back out from 

s the front of the cassette body 100 so that the wider 
portion of the aperture 258 is aligned with the 
aperture 142 in the outlet tube mounting cylinder 
144, the retaining tab 259 will engage the slightly 
raised border 146, resisting the slide latch 240 

10 from being drawn further out. 

Referring now to Rgures 33 to 36, a one-piece 
piston cap and boot seal 260 is illustrated, which is 
for use on and in the pump cylinder 112 (Figures 3 
and 8). The piston cap and boot seal 260 is of a 

15 one-piece construction, and is made of flexible, 
resilient material, such as silastic (silicone rubber) 
or medical grate natural rubber. Natural rubber may 
be used to minimise friction, since some sticking of 
the a silicone rubber piston cap and boot seal 260 

20 in the pump cylinder 112 may tend to occur. Teflon 
impregnated silastic or some other proprietary for- 
mula widely available would overcome this prob- 
lem. In addition, the piston cap and boot seal 260 
may be lubricated with silicone oil prior to installa- 

25 tion in the pump cylinder 112. The advantage of 
using silastic is that it may be radiation sterilised, 
whereas natural rubber must be sterilised using a 
gas such as ethylene oxide, in addition, silastic has 
better wear characteristics than natural rubber, 

30 making it the preferred choice. 

The piston cap and boot seal 260* includes a 
piston cap portion indicated generally at 262, and a 
bottom seal portion comprising a retaining skirt 264 
and a thin rolling seal 266. The piston cap portion 

35 262 includes a hollow cylindrical segment 268 hav- 
ing an enlarged, rounded piston cap head 270 at 
the top. The piston cap head 270 has a roughly 
part-elliptical cross-section, and the outer diameter 
of the sides provides a dynamic seal in the main 

40 diameter bore 114 of the pump cylinder 112. The 
roughly elliptical configuration of the piston cap 
head 170 closely fits the top of the main diameter 
bore 114 of the pump cylinder 112. Extending from 
the top of the piston cap head 270 at the centre is 

45 a frustoconical segment 272, with the larger diam- 
eter at the bottom. The frustoconical segment 272 
fits closely in the smaller diameter aperture 118 of 
the pump cylinder 112. 

The hollow cylindrical segment 268 and the 

so piston cap head 270 together define a closed end 
to the piston cap and boot seal 260, which receives 
a piston as will described below. The hollow cylin- 
drical segment 268 has a smaller diameter portion 
274, which is spaced away from the end of the 

55 piston cap head 270 to provide retaining means to 
retain a piston in the segment 268 between the 
piston cap head 270 and the smaller diameter 
portion 274. 
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The retaining skirt 264 is essentially cylindrical, 
and is designed to fit snugly around the outer 
diameter of the pump cylinder 112. Prior to installa- 
tion and with the piston cap and boot seal 260 in a 
relaxed configuration as shown In Figures 33 to 36, 
the retaining skirt 264 is located roughly around the 
hollow cylindrical segment 268. The retaining skirt 
264 has an internal diameter sufficiently small to 
retain it in position around the pump cylinder 112 
without moving when the piston cap portion 262 
moves. 

Located around the inner diameter of the re- 
taining skirt 264 is a tortuous path 276 leading from 
one end of the retaining skirt 264 to the other. The 
tortuous path 276 is required for sterilisation of the 
assembled cassette, allowing the sterilising gas to 
sterilise the area between the inside of the pump 
cylinder 112 and the piston cap and boot seal 260, 
which would be closed and could remain unsterilis- 
ed if the tortuous path 276 were not present. In 
addition, since the sterilising gas is hot and cooling 
occurs rapidly after the sterilising operation, the 
tortuous path 276 allows pressure equalisation to 
occur rapidly where it otherwise would not. In the 
preferred embodiment, the tortuous path 276 is a 
series of threads in the inner diameter of the retain- 
ing skirt 264. 

Completing the construction of the piston cap 
and boot seal 260 is the rolling seal 266, which is a 
segment defined rotating about the axis of the 
piston cap and boot seal 260, a U having a first leg 
at the radius of the hollow cylindrical segment 268 
and a second leg at the radius of the retaining skirt 
264, with the top of the first leg of the U being 
attached to the bottom of the hollow cylindrical 
segment 268 and the top of the second leg of the 
U being attached to the bottom of the retaining 
skirt 264. When the piston cap and boot seal 160 is 
installed and the piston cap portion 262 moves in 
and out in the main diameter bore 1 14 in the pump 
cylinder 112, the legs of the U will vary in length, 
with one leg becoming shorter as the other leg 
becomes longer. In this matter, the rolling seal 266 
provides exactly what its name - implies a seal 
between the piston cap portion 262 and the retain- 
ing skirt 264 which rolls as the piston cap portion 
262 moves. 

Figures 37 to 42 show a piston assembly 280 
which drives the piston cap portion 262 of the 
piston cap and boot seal 260 in the pump cylinder 
112. The piston assembly 280 has a horizontal 
rectangular base 282 located directly behind the 
bubble chamber cap 230 when the piston cap 
portion 262 is fully inserted into the pump cylinder 
112, The rectangular base 282 has a notch 284 in 
its front edge which is slightly larger than the tab 
232 in the bubble chamber cap 230 (Figure 23). 

Extending upwards from the front edge of the 



rectangular base 282 to the left of the notch 284 is 
an arm 286, and to the right side of the notch 284, 
an arm 288. At the top of the arms 286 and 288 
there is a vertically extending rectangular portion 
5 290. The rectangular portion 290 and the upper 
portions of the arms 286 and 288 are for insertion 
between the piston retaining fingers 120 and 122 in 
the cassette body 100 (Figure 4). 

The top of the rectangular portion 290 will 

70 contact the bottom of the upper surface 102 of the 
cassette body 100 to limit upward movement of the 
piston assembly 280, the rectangular base 282 
being approximately even with the bubble chamber 
cap 230 installed in the bottom of the bubble trap 

rs 104 of the cassette body 100 when the piston 
assembly 280 is in its fully upward position. The 
bottom of the rectangular portion 290 will contact 
the tab 232 on the bubble chamber cap 230 when 
the piston assembly 280, the piston head 296, and 

20 the piston cap portion 262 are fully retracted from 
the pump cylinder 112. 

A cylindrical piston rod 292 extends upwards 
from the rectangular base 282 at a central position 
near the back edge. At the top of the piston rod 

25 292 there is a reduced diameter cylindrical portion 
294, and above this a cylindrical piston head 296. 
The diameter of the piston head 296 is larger than 
the diameter of the reduced diameter cylindrical 
portion 294, and the top of the piston head 296 has 

30 rounded edges in the preferred embodiment. The 
piston head 296 is designed to be received in the 
portion of the hollow cylindrical segment 268 be- 
tween the smaller diameter portion 274 and the 
piston cap head 270 in the piston cap portion 262 

35 (Figure 36). The reduced diameter cylindrical por- 
tion 294 is designed to be received in the smaller 
diameter portion 274 of the piston cap portion 262. 

The top of the piston head 296 is slightly 
above the top of the rectangular portion 290, and 

40 when the piston assembly 280 is in its fully upward 
position, the piston head 196 will have brought the 
piston cap head 270 and the frustoconical segment 
272 thereon (Figure 36) to the top of the pump 
cylinder 112 and into the smaller diameter aperture 

45 118 (Figure 8), respectively, to eliminate complete- 
ly any volume within the pump cylinder 112 and 
within the smaller diameter aperture 118. 

Two raised beads 298 and 300, complete the 
construction of the piston assembly 280 with the 

50 raised bead 298 being on the top surface of the 
rectangular base 282 on the left side of the piston 
rod 292, and the raised bead 300 being similarly 
located on the right. Both of the raised beads 298 
and 300 extend from the piston rod 292 laterally 

55 towards the sides of the rectangular base 282. The 
raised beads 298 and 300 will be used to centre 
the piston assembly 280 relative to the jaws of the 
main pump unit used to drive the piston assembly 
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280, and will also serve to retain the piston assem- 
bly 180 in the jaws. 

Referring next to Figures 43 and 44, a tubing 
adaptor 301 is shown located between an outlet 
tubing 306 extending from an assembled cassette 
302 and a delivery tubing 303 which leads to the 
patient. The tubing adaptor 301 is essentially cylin- 
drical, and is hollow throughout allowing the inlet 
tubing 306 and the delivery tubing 303 to be in- 
serted into it. The inlet tubing 306 and the delivery 
tubing 303 in the preferred embodiment are adhe- 
sively secured in the tubing adaptor 301. Located 
at the top end of the tubing adaptor 301 there is an 
outer tapered portion 305 having a smaller outer 
diameter as it approaches the top end. Located 
below the tapered portion 305 is a radially out- 
wardly extending flange 307. 

The assembly and configuration of the cassette 
will now be described with referecne to the assem- 
bled cassette 302 shown in Figures 45 to 48, and 
with reference to other figures specifically men- 
tioned in the description. The valve diaphragm 170 
is placed over the top of the upper surface 102 of 
the cassette body 100, with the apertures 172, 174. 
and 176 placed over the hollow cylinders 156, 160, 
and 162 respectively, the retainer cap 190 is then 
located over the valve diaphragm 170 and the 
cassette body 100, and is secured in place by 
ultrasonic welding. While adhesive sealing may be 
used, it is more difficult to ensure the consistent 
hermetic seal required in the construction of cas- 
sette 302. 

The step of firmly mounting the retainer cap 
190 onto the cassette body 100 exerts a bias on 
the valve diaphragm 170 (Figure 9) causing it to be 
compressed in certain areas, particularly over the 
slightly raised border 146 on the upper surface 102 
of the cassette body 1000. This results in excellent 
sealing characteristics, and encloses the various 
passageways located in the upper surface 102 of 
the cassette body 100. The first passageway 128 is 
enclosed by the valve diaphragm 170, commu- 
nicating at one end with the aperture 110 and at 
the other end with the area between the cavity 180 
and the upper surface 102 of the cassette body 
100. The second passageway 134 also commu- 
nicates with the area between the cavity 180 and 
the upper surface 102 of the cassette body 100 at 
one end with its other communicating with one end 
of the passageway 132 in the pressure plateau 
130. 

The pressure diaphragm 182 is located above 
the surface of the pressure plateau 130 (Figures 
115 and 116). leaving a space between the edges 
at the side of the pressure plateau 130 and the 
inner diameters of the upper cylindrical segment 
184 and the lower cylindrical segment 186. This 
allows the pressure diaphragm 182 to be quite 



flexible, a design feature essential to the proper 
operation of the pressure monitoring apparatus. It 
may therefore be appreciated that the flow area 
between the second passageway 134 and the third 

5 passageway 136 is not just the area of the pas- 
sageway 132, but also the area between the pres- 
sure diaphragm 182 and the pressure plateau 130, 
as well as the area around the sides of the pres- 
sure plateau 130 adjacent the upper cylindrical 

10 segment 184 and the lower cylindrical segment 
186. 

The third passageway 136 (Figure 1) is also 
included by the valve diaphragm 170 (Figure 9), 
and communicates at one end with the passage- 

75 way 132, and at the other end with the recessed 
lens portion 138. The fourth passageway 140 is 
enclosed by the valve diaphragm 170, and commu- 
nicates at one end with the recessed lens portion 
138 and at the other end with the aperture 142. 

20 Next, the bubble chamber cap 230 is placed 
on the bottom of the bubble chamber 106. as 
shown in Figure 44. and is secured by ultrasonical- 
ly sealing to the cassette body 100. The piston cap 
portion 262 of the piston cap and boot seal 260 

25 (Figure 36) is inserted into the main diameter bore 
114 of the pump cylinder 112 and pushed towards 
the top of the main diameter bore 114. Simulta- 
neously, the retaining skirt 264 is located over the 
outside of the pump cylinder 112 and is moved up 

30 its outer surface to the position shown in Figures 
46 to 48, which is nearly to the top of the outer 
surface of the pump cylinder 112. Next, the piston 
head 296 of the piston assembly 280 (Figures 37 
and 40) is inserted into the hollow cylindrical seg- 

35 ment 268 of the piston cap and boot seal 260, and 
is forced past the smaller diameter portion 274 until 
it snaps home, resting against the underside of the 
piston cap head 270. 

The slide latch 240 is then inserted into en- 

40 gagement with the cassette body 100, which is 
accomplished by sliding the left slide side 254 into 
the latch supporting finger 124 (to its right) and by 
sliding the right slide side 256 into the latch sup- 
porting finger 126 (to its left). The slide latch 240 is 

45 then pushed fully home to align the wider portion 
of the elongate, tear-shaped aperture 258 with the 
outlet tube mounting cylinder 144. An inlet tube 
304 is adhesively secured to the inner diameter of 
the inlet aperture 238 in the bubble chamber cap 

so 230, in fluid communication with the bubble cham- 
ber 106. An outlet tube 306, extending through the 
wider portion of the aperture 258 and is adhesively 
secured to the inner diameter of the outlet tube 
mounting cylinder 144 in the cassette body 100, in 

55 fluid communication with the fourth passageway 
140 through the aperture 142. 

The tubing adaptor 301 is connected to the 
other end of the outlet tube 306 and the delivery 
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tube 303 is also attached to the tubing adaptor 301 . 
The inlet tube 304 and the outlet tube 306 are 
shown in the figures only in part; on their respec- 
tive ends not connected to the assembled cassette 
302 they may have connector fittings such as stan- 
dard luer connectors (not shown), which are well 
known in the art. The adhesives used to attach the 
inlet tube 304 and the outlet tube 306 to the 
assembled cassette 302 also represent technology 
well known in the art. For example, adhesives such 
as cyclohexanone, methylene dichloride, or 
tetrahydrofuron (THF) may be used. 



The Main Pump Unit 

The preferred embodiment of the main pump 
unit of the present invention includes a number of 
components used to hold, latch, and drive the 
cassette 302 described above. Referring first to 
Figures 49 to 53, a latch head 310 is illustrated 
which is used on grasp the raised beads 298 and 
300 on the piston assembly 280 (Figure 37). Ex- 
tending from the front of the latch head 310 at the 
top there is a left jaw 312 and a right jaw 314. The 
left and right jaws 312 and 314 have curved in- 
dentations on their under sides to receive the 
raised beads 298 and 300 (Figure 37), respectively. 
A space between the left jaw 312 and the right jaw 
314 allows them to accommodate the piston rod 
292. 

A cylindrical aperture 316 is located in the top 
of the latch head 310, arranged to receive a shaft 
on which the latch head 310 is mounted. A thread- 
ed aperture 318 in the back side of the latch head 
310 communicates with the cylindrical aperture 
316, and will receive locking means to lock a shaft 
in the cylindrical aperture 316. An aperture 320 
extends through the latch head 310 from left to 
right near the bottom at the rear. 

A notch 322 is formed in the front of the latch 
head 310 at the bottom in the centre, leaving a left 
side portion 324 and a right side portion 326. 
Aligned apertures 328 and 330 are formed in the 
side portions 324 and 326 respectively. In addition, 
the portion of the latch head 310 including the left 
jaw 312 has a raised edge 327 facing upwards and 
backwards, and a raised edge 329 facing down- 
wards and forwards. The portion of the latch head 
310 including the right jaw 314 has a raised edge 
331 facing downwards and forwards. The raised 
edges 327, 329 and 331 will be used to limit the 
movement of the latch jaw, as will be described 
below. 

A spring seat 332 is shown in Figures 54 and 
55. which is designed to fit in the notch 322 in the 
latch head 310. The spring seat 332 has an ap- 
erture 334 extending through it from left to right, 



which is slightly larger than the apertures 328 and 
330 in the latch head 310. The spring seat 332 also 
has a cylindrical segment 336 extending from the 
front. 

5 Figures 56 to 58 show a latch jaw 340 which 

grasps the bottom of the rectangular base 282 of 
the piston assembly 280 (Figure 37) and maintains 
the left and right jaws 312 and 314 of the latch 
head 310 (Figure 51) in contact with the raised 

w beads 298 and 300. The latch jaw 240 has a front 
jaw portion 342 approximately as wide as the left 
and right jaws 312 and 314 of the latch head 310. 
The jaw portion 342 contacts the bottom of the 
rectangular base 282 of the piston assembly 280. 

75 Extending back from the jaw portion 342 is a 

left arm 344 and a right arm 346. The left arm 344 
has an aperture 348 (not shown) away from the jaw 
portion 342 while the right arm 346 has an aperture 
350 away from the jaw portion 342. The apertures 

20 348 and 350 are slightly smaller in diameter than 
the aperture 320 in the latch head 310 (Figures 49 
and 50). 

Extending upwards from the end of the right 
arm 346 away from the jaw portion 342 at approxi- 

25 mately sixty degrees is a driving arm 352. At the 
end of the driving arm 352 which is not attached to 
the right arm 346 is a link pin 354, extending to the 
right. Completing the construction of the latch jaw 
240 is a cylindrical recess 356 in the rear side of 

30 the jaw portion 342, which has an inner diameter 
larger than the outer diameter of the cylindrical 
segment 336 of the spring seat 332 (Figure 55). 

Referring now to Figures 59 to 61, the con- 
struction of jaws assembly 360 from the latch head 

35 310, the spring seat 332, and the latch jaw 340 is 
illustrated. The spring seat 332 fits within the notch 
322 and between the left and right jaws 312, 314 of 
the latch head 310. A pin 362 is inserted through 
the aperture 328 in the side portion 324, the ap- 

40 erture 334 in the spring seat 332. and the aperture 
330 in the side portion 326. The pin 362 is sized to 
fit snugly in the apertures 328 and 330, thereby 
retaining the pin 362 in place and allowing the 
spring seat 332 to rotate about the pin 362. 

45 The latch jaw 340 is mounted onto the latch 

head 310 with the left and right jaws 312 314 of the 
latch head 310 facing the jaw portion 342 of the 
latch jaw 340 using a pin 364. The pin 364 is 
inserted through the aperture 320 in the latch head 

50 310 and the aperture 350 in the right arm 346. The 
pin 364 is sized to fit snugly in the apertures 348 
and 350, thereby retaining the pin 354 in place and 
allowing the latch jaw 340 to rotate about the pin 
364. 

55 A spring 366 is located with one end mounted 
over the cylindrical segment 336 on the spring seat 
332 and the other end mounted in the cylindrical 
recess 356 in the latch jaw 340. The spring 366 
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acts to bias the latch jaw 340 in either the open 
position shown in Rgure 59 with the jaw portion 
342 away from the jaws 312 and 314 of the latch 
head 310, or in the closed position shown in Figure 
61, with the jaw portion 342 of the latch jaw 340 
urged closely adjacent the jaws 312 and 314. The 
movement of the latch jaw 340 in both directions 
with respect to the latch head 310 is limited; to the 
position shown in Rgure 59 by the driving arm 352 
contacting the raised edge 327, and to the position 
shown in Rgure 61 by the right arm 346 contacting 
the raised edge 329 and by the left arm 344 
contacting the raised edge 331 . 

When the assembled cassette 302 is installed, 
movement of the latch jaw 340 to the position of 
Rgure 61 will also be limited by the presence of 
the piston assembly 280, with the rectangular base 
282 being grasped by the jaws assembly 360. It 
will be noted that by moving the pin 354 either 
toward the front or toward the back, the latch jaw 
340 may either be opened or closed, respectively. 

In Rgures 62 to 65, a main pump unit chassis 
370 is illustrated which is designed to mount three 
independent pump units including three drive 
mechanisms into which three disposable assem- 
bled cassettes 302 may be installed. The assem- 
bled cassettes 302 are mounted on the bottom side 
of the pump chassis 370 shown in Rgure 62, with 
the motors and drive train being installed mounted 
on top of the pump chassis 370 (Rgure 64) within 
a housing (not shown). 

Located on the pump chassis 370 are three 
pairs of angled segment 372 and 374. 376 and 378 
and 380 and 382. Each pair of angled segments 
372/374, 376/378, 380/382 defines two facing chan- 
nels between them. In the preferred embodiment, 
the angled segments are angled slightly further 
from the bottom of the pump chassis 370 near the 
front, to have a camming effect as an assembled 
cassette 302 is installed and the slide latch 240 is 
closed. Specifically, the angled segment 372 de- 
fines a channel facing the angled segment 374 and 
the angled segment 374 defines a channel facing 
the angled segment 372. The angled segment 376 
defines a channel facing the angled segment 378, 
and the angled segment 378 defines a channel 
facing the angled segment 376. Rnally. the angled 
segment 380 defines a channel facing the angled 
segment 382 and the angled segment 382 defines 
a channel facing the angled segment 380. 

Each pair of angled segments 372/374, 
376/378, 380/382, provides means on the bottom of 
pump chassis 370 for one assembled cassette 302 
to be securely latched to. The inverted L-shaped 
portions 250 and 252 in the slide latch 240 (Figures 
29 and 30) of the assembled cassette 302 can be 
attached to one of the pan's of angled segments 
372/374, 376/378 and 380/382. With the slide latch 



240 pulled back away from the front of the assem- 
bled cassette 302, an area between the front por- 
tion 242 of the slide latch 240, and the top front of 
the cassette body 100 and retainer cap 190 is 

5 opened, allowing the top of the assembled cassette 
302 to be placed over one of the pairs of angled 
segments 372/374, 376/378, 380/382. 

By way of example, it will be assumed that the 
assembled cassette 302 is to be mounted In the 

70 first position ( the position on the left end of the 
pump chassis 370) on the first pair of angled 
segments 372/374. The top surface of the assem- 
bled cassette 302, which is the retainer cap 190 
(Rgure 43), will come into contact with the bottom 

is of the pump chassis 370 (Figure 62). In order to 
allow the assembled cassette 302 to be installed, 
the slide latch 240 is pulled back fully from the 
front of the assembled cassette 302, leaving the 
open area between the front portion 242 of the 

20 slide latch 240 and the front top portion of the 
assembled cassette 302 (made up of the the cas- 
sette body 100 and the retainer cap 190) facing the 
front portion 242 of the slide latch 240. 

The top of the assembled cassette 302 is then 

25 placed against the bottom of the pump chassis 370 
with the first pair of angled segments 372/374 
fitting in the area between the front portion 242 of 
the slide latch 240 and the front top portion of the 
assembled cassette 302. The slide latch 240 is 

30 then pushed forward into the cassette body 100, 
sliding the inverted L-shaped portion 250 of the 
slide latch 240 into engagement with the angled 
segment 372, and sliding the inverted, backwards 
L-shaped potion 252 of the slide latch 240 into 

35 engagement with the angled segment 374. The 
assembled cassette 302 will thus be held in posi- 
tion on the bottom of the pump chassis 370 until 
the slide latch 240 is again pulled back, releasing 
the assembled cassette 302. 

40 Projecting from the bottom of the pump chas- 
sis 370 are a number of components used to 
position and align the assembled cassettes 302 in 
the first (left hand end of the pump chasses 370), 
second (intermediate), and third (right hand end) 

45 positions on the pump chassis 370. Three left 
lateral support walls 384, 386 and 388 protrude 
from the bottom of the pump chassis 370 at loca- 
tions to support the rear upper left side portion of 
assembled cassettes 302 in proper positions in the 

50 first, second and third positions, respectively. Like- 
wise, three right lateral support walls 390, 392 and 
394 protrude from the bottom of the pump chassis 
370 at locations to support the rear upper right 
portion of assembled cassettes 302 in proper posi- 

55 tions in the first, second, and third positions, re- 
spectively. 

Additional support and positioning for the in- 
stallation of the assembled cassettes 302 into the 
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first, second and third positions are provided for 
the upper right rear corner of the assembled cas- 
settes 302 by three right corner support wails 396, 
398. and 400 respectively. The three right corner 
support walls 396, 398, 400 are L-shaped when 5 
viewed from beneath (Figure 62), and support and 
position the rear of the assembled cassettes 302 
behind the pump cylinders 112 (Figure 4) and a 
portion of the right side of the assembled cassettes 
302 adjacent the pump cylinders 1 12. Note that the 10 
three right lateral support walls 390, 392, and 394 
and the three right corner support walls 396, 398 
and 400 together provide continuous support and 
positioning for the assembled cassettes 302 in the 
first second and third positions, respectively. 15 

A threaded aperture 402 is formed in the raised 
material forming the left lateral support wall 384, 
near the rear. A single segment of raised material 
forms the right lateral support wall 390, the right 
comer support wail 396, and the left lateral support 20 
wall 386. Formed in that segment of raised material 
near the rear is a threaded aperture 404 on the left 
side near the right lateral support wall 390, and a 
threaded aperture 406 on the right side near the 
left lateral support wall 386. Similarly, a single 25 
segment of raised material forms the right laterai 
support wall 392. the right comer support wall 398, 
and the left lateral support wall 388, and includes 
corresponding apertures 408 and 410 on the left 
and right respectively. Finally, a single segment of 30 
raised material forms the right lateral support wall 
394 and the right corner support wall 400 and 
includes a threaded aperture 412 at the rear near 
the right lateral support wail 394. 

In the segment of raised material forming the 35 
support walls 390. 396 and 386, near the former 
where the right lateral support wall 390 and the 
right corner support wall 396 meet, there is an 
aperture 414 which extends through the thickness 
of the pump chassis 370. A similar aperture 416 is 40 
formed in the segment of raised material forming 
the support walls 392, and 388. In the segment of 
raised material forming he right lateral and corner 
support walls 394 and 400 near the comer where 
these walls meet, there is an aperture 418 which 45 
extends through the thickness of the pump chassis 
370. 

When an assembled cassette 302 is positioned 
and mounted in the first, second, and third posi- 
tions, the apertures 414, 416 and 418 respectively, so 
will coincide directly with the piston rods 292 of the 
assembled cassettes 302 (Figure 46). The aper- 
tures 414, 416 and 418 will be used to mount the 
drive shafts connected to the jaws assembles 360 
(Rgures 59 to 61) used to drive the piston assem- 55 
bly 280. 

Located between the left lateral support wall 
384 and the right lateral support wall 390, there is a 



longitudinal rectangular recess 420 in the bottom 
surface of the pump chassis 370. Similarly, located 
between the left lateral support wall 386 and the 
right lateral support wall 392, there is a longitudinal 
rectangular recess 422 and located between the 
left lateral support wall 384 and the right lateral 
support wall 390, there is a longitudinal rectangular 
recess 424. While the rectangular recesses 420. 
422, 424. do not extend through the pump chassis 
370, oval apertures 426, 428, and 430 smaller than 
the rectangular recesses 420, 422, 424, are located 
in the rectangular recesses 420, 422, and 424 
respectively, and extend through to the top side of 
the pump chassis 370. The rectangular recess 420, 
422 and 424 will house sensor modules, and the 
oval aperture 426, 428 and 430 allow wires from 
the sensor modules to extend through the pump 
chassis 370. With the assembled cassettes 302 
positioned and mounted in the fist, second, and 
third positions, the rear-most parts of the upper 
portions of the assembled cassettes 302 will be 
located beneath the rectangular recesses 420, 422 
and 424. Located behind the oval aperture 426, 
428, and 430 are rectangular apertures 427. 429. 
and 431, respectively. The rectangular apertures 
427, 429, and 431 are to allow the wires from the 
ultrasonic sensors to extend through the pump 
chassis 370. 

Located in front of the right corner support wall 
396 is a circular recess 432 in the bottom surface 
of the pump chassis 370. 

Similar circular recesses 434 and 436 are 
formed in the bottom surface of the pump chassis 
370 in front of the right corner support walls 398 
and 400. While the circular recesses 432. 434, and 
436 do not extend through the pump chassis 370. 
square apertures 438, 440 and 442. smaller than 
the circular recesses 432. 434, and 436, are lo- 
cated in the circular recesses 432, 434, and 436 
respectively and extend through the top side of the 
pump chassis 370. 

The circular recesses 432. 434. and 436 will be 
used to house valve actuator guides, and the 
square apertures 438, 440 and 442 allow valve 
actuators to extend through the pump chassis 370 
and to orient the valve actuator guides. With the 
assembled cassettes 302 positioned and mounted 
in the first, second and third positions, the circular 
recesses 432, 434, and 436, respectively, will cor- 
respond exactly with the locations of the domed 
portions 178 of the valve diaphragms 170 in the 
assembled cassettes 302 (Figure 43). 

Located to the left of the circular recess 432 
and in front of the rectangular recess 420, there is 
a circular recess 444 in the bottom surface of the 
pump chassis 370. Similarly, located to the left of 
the circular recess 434 and in front of the rectangu- 
lar recess 422. there is a circular recess 446, and 
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located to the left of the circular recess 436 and in 
front of the rectangular recess 424, there is a 
circular recess 448. While the circular recesses 
444, 446, 448 do not extend through the pump 
chassis 370, cylindrical apertures 450, 452 and 454 
of a smaller diameter than the circular recesses 
444, 446 and 448 are located in the circular reces- 
ses 444, 446 and 448 respectively, and extend 
through to the top side of the pump chassis 370. 

The circular recesses 444, 446 and 448 will be 
used to house pressure transducers and the cylin- 
drical apertures 450, 452, and 454 allow wires from 
the pressure transducers to extend through the 
pump chassis 370. With the assembled cassettes 
302 positioned and mounted in the first, second, 
and third positions, the circular recesses 444, 446 
and 448 respectively, will correspond with the loca- 
tions of the pressure diaphragms 182 of the valve 
diaphragms 170 in the assembled cassettes 302 
(Figure 43). 

Projecting from the top surface of the pump 
chassis 370 are a number of raised elements in 
which threaded apertures are located to support 
the drive assembly. A cylindrical raised segment 
456 is located to the left of the cylindrical aperture 
450. a laterally extending generally oval raised seg- 
ment 458 is located between the square aperture 
438 and the cylindrical aperture 452, and a second 
laterally extending generally oval raised segment 
460 is located between the square aperture 440 
and the cylindrical aperture 454. In addition, two 
cylindrical raised segments 462 and 464 are lo- 
cated to the right of the square aperture 442 lat- 
erally aligned with the rear-most and front-most 
portions respectively of the oval raised segments 
458 and 460. 

A threaded aperture 466 is formed in the cylin- 
drical raised segment 456. Located in the oval 
raised segment 458, there is a threaded aperture 
468 near the rear, a threaded aperture 470 near the 
front, and a central threaded aperture 472. Simi- 
larly, the oval raised segment 460 includes a 
threaded aperture 474 near the ear, a threaded 
aperture 476 near the front, and a central threaded 
aperture 478. The cylindrical raised segments 462 
and 464 include threaded apertures 480 and 482 
respectively. 

The apertures 414 and 416 and 418 through 
the pump chassis 370 terminate in raised seg- 
ments 484, 486 and 488 respectively extending 
from the top surface of the pump chassis 370 and 
surrounding the respective apertures. Extending 
upwards from the raised segment 484 behind the 
aperture 414 on the left side is a guide finger 490, 
and on the right side is a guide finger 492. The 
guide fingers 490 and 492 are parallel and have a 
space between them. Similar pairs of guide fingers 
494/496 and 498/500 extend upwardly from the 



raised segment 486 behind the aperture 416 and 
from the raised segment 488 behind the aperture 
418. 

Figures 66 to 69 show a cassette guide 510 for 

5 use in guiding the installation of the assembled 
cassette 302 into the proper location for latching on 
the pump chassis 370. At the rear the cassette 
guide 510 has an aperture 512 on the right and an 
aperture 514 on the left. The aperture 512 will be 

10 aligned with one of the threaded apertures 404, 
408 or 412 (Figure 62) while the aperture 514 will 
be aligned with one of the threaded apertures 402, 
406 or 410, to install the cassette guide 510 in 
either the first, second, or third position. 

15 The top side (Figure 66) of the cassette guide 
510 has a rectangular recess 516 which corre- 
sponds in size to the rectangular recesses 420, 422 
and 424 in the pump chassis 370. The sensor 
modules will be accommodated between the rec- 

20 tangular recesses 516 in the cassette guides 510 
and the rectangular recesses 420, 422, and 424 in 
the pump chassis 370. The right hand side of this 
rectangular recess 516 is exposed through a rec- 
tangular aperture 518 in the cassette guide 510 

25 (Figure 67). 

An area 520 on the bottom of the cassette 
guide 510 immediately in front of the rectangular 
aperture 518 and an area 522 immediately to the 
right and to the rear of the rectangular aperture 518 

30 is recessed upwards from the under surface 524 of 
the cassette guide 510. At the front right corner of 
the rectangular aperture 518, a square segment 
528 extends downwards to the level of the bottom 
surface 524 of the cassette guide 510. Located 

35 immediately forward of the square segment 528 is 
a thin rectangular track 530 extending from the 
right side of the cassette guide 510. The thin 
rectangular track 530 terminates at its front end in 
a blocking segment 532. 

40 The front end of the cassette guide 510 has a 
rounded notch 534, which is positioned to receive 
the outlet tube mounting cylinder 144 on the cas- 
sette body 100 (Figure 4) when the cassette guide 
510 is installed on the pump chassis 370. When 

45 the cassette guide 510 in installed on the pump 
chassis 370, the rear-most portion of the assem- 
bled cassette 302 will fit between the cassette 
guide 510 and the bottom of the pump chassis 
370. Accordingly, the cassette guide 510, together 

50 with the various support walls on the bottom of the 
pump chassis 370, aids in the installation of the 
assembled cassettes 302 in the proper position for 
latching. 

Extending downwards from the surface 524 is a 
55 hollow lower segment 511 having a projection 513 
extending towards the front. When the assembled 
cassette 302 is installed, the horizontal bottom por- 
tion 248 of the slide latch 240 will be located 
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between the surface 524 and the projection 513. 
The lower segment 511 is hollow in order to re- 
ceive the ultrasonic sensor housing, as will become 
apparent below. A hollow chimney 515 is located at 
the back of the cassette guide 510, and is in 
communication with the interior of the lower seg- 
ment 511. When the cassette guide 510 is installed 
on the pump chassis 370, the interior of the hollow 
chimney 515 will be in communication with one of 
the rectangular apertures 427, 429, 431 to allow 
wires from the ultrasonic sensor to extend thereth- 
rough. 

Rgure 70 shows a pump shaft 540 which is 
essentially cylindrical. Near the top end of the 
pump shaft 540, at the front, a cam follower wheel 
542 is mounted for rotation about a short axle 544 
extending orthogonally from the pump shaft 540. 
On the rear side of the pump shaft 540 at the same 
location, an alignment wheel 546 is mounted for 
rotation about a short axle 548 extending ortho- 
gonally from the pump shaft 540 opposite the short 
axle 544. Near the bottom end of the rear of the 
pump shaft 540 there is a conical recess 550, 
which will be used to attach the jaws assembly 360 
(Figure 59 to 61) to the pump shaft 540. 

Figures 71 to 76 show a slide lock 560 which is 
for mounting on the thin rectangular track 530 of 
the cassette guide 510 (Figure 67). the slide lock 
560 has a U-shaped slide channel 562 at the front, 
with the open portion of the U facing left and 
extending from front to rear. On the other side of 
the slide channel 652 (which is the bottom of the 
U), there is a rectangular notch 564 located near 
the front which runs from the top to the bottom of 
the slide channel 562 and faces right. 

Extending back from the rear of the slide chan- 
nel 562 at the bottom, there is a thin rectangular 
connecting segment 566, which effectively extends 
from the leg of the U at the bottom of the slide 
channel 562. Attached at the rear edge of the 
segment 566 there is a U-shaped channel 568 with 
the open portion of the U facing right and extend- 
ing from top to bottom. The top of the forward leg 
of the U of the U-shaped channel 568 is attached 
to the segment 566. It will be appreciated that the 
top surface of the rectangular connecting segment 
566 and the top of the U-shaped channel 568 are 
coplanar, and that the interior surface of the lower- 
most leg of the slide channel 562 is also coplanar. 

The upper left edge of the U-shaped channel 
568 is bevelled at 570. The function of the bevel 
570 is to serve as a light reflector, as will be come 
apparent later in conjunction with the discussion of 
the mechanism for latching the assembled cassette 
302. 

The power module to drive the main pump unit 
will not be described in detail since it is not closely 
related to the subject matter of the present inven- 



tion. For a complete description of the construction 
of the power module, EP-A-319277, referred to 
above and incorporated herein by reference may 
be referred to. 

5 Figures 77 to 80 show an upper ultrasonic 
housing 800. The upper ulstrsonic housing 800 is 
hollow, and is open at the bottom. The upper 
surface of the upper ultrasonic housing 800 has a 
U-shaped ridge 802 and a straight ridge 804, with a 

io rectangular aperture 806 located between them in 
the upper surface. The U-shaped ridge 802 and the 
straight ridge 804 are sized to fit within the lower 
segment 511 of the cassette guide 510 (Rgure 69). 
Located in the front of the upper ultrasonic 

75 housing 800, there is a slot 808 for receiving the 
outlet tube 306 of the assembled cassette 302. The 
slot 808 is deeper than it is wide, and has a funnel- 
shaped entrance to allow the outlet tube 306 to be 
directed easily into the slot 808. In the preferred 

20 embodiment, the width of the slot 808 is narrower 
than the outside diameter of the outlet tube 306, so 
that when the outlet tube 306 fits in the slot 80, it is 
deformed somewhat. 

The interior of the upper ultrasonic housing 800 

25 may be thought of as three areas, one on each 
side of the slot 808, and a third area representing 
that portion of the upper ultrasonic housing 800 
into which the slot 808 does not extend. The first 
two areas are locations in which ultrasonic trans- 

30 ducers (not shown) will be located, and the third 
area will be the location of a miniature printed 
circuit board (not shown). Referring particularly to 
Rgure 80, the first area, in the front and on the 
right-hand side of the upper ultrasonic housing 800, 

35 is bounded by a wall 810 on the right of the slot 
808. The second area, in the front and on the left- 
hand side of the upper ultrasonic housing 800, is 
bounded by a wall 812 on the left of the slot 808. 
Rgures 81 to 83 show a lower ultrasonic hous- 

40 ing 814 which will be mounted onto the bottom of 
the upper ultrasonic housing 800. Like the upper 
ultrasonic housing 800, the lower ultrasonic housing 
814 is hollow, but the lower ultrasonic housing 814 
is open at the top. The front portion of the lower 

45 ultrasonic housing 814 (the portion which will be 
under the first two areas inside the upper ultrasonic 
housing 800) is shallow, while the rear portion of 
the lower ultrasonic housing 814 is deeper. The 
lower ultrasonic housing 814 also has a slot 816 

50 which will be located under the slot 808 in the 
upper ultrasonic housing 800 when the lower ultra- 
sonic housing 814 is mounted on the upper ultra- 
sonic housing 800. The slot 816 also has a funnel- 
shaped entrance, like the slot 808. 

55 Beneath the portion of the lower ultrasonic 
housing 814 having the slot 816, there is a re- 
cessed area 818. The recessed area 818 is located 
on both the left and the right-hand sides of the slot 
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816. In the preferred embodiment, the recessed 
area 818 is frustroconically shaped, as best shown 
in Figures 83 and 83A. The frustroconically shaped 
recessed area 818 is spaced slightly away from the 
front of the lower ultrasonic housing 814. Located 5 
on the bottom and at the front of the lower ultra- 
sonic housing 814 on each side of the slot 816 
there are two ramps 820 and 822 which are in- 
clined towards the frustroconically shaped re- 
cessed area 818. w 

The recessed area 818 and the two ramps 820 
and 822 are designed to capture and. retain the 
tapered portion 305 of the tubing adaptor 301 
(Figure 43). Accordingly, the size of the recessed 
area 818 is substantially the same as the size of 75 
the tapered portion 305 of the tubing adaptor 301. 
The two ramps 820 and 822 are located as shown 
in Figure 83A to draw the tapered portion 305 of 
the tubing adaptor 301 from a position on the two 
ramps 820 and 822 to a position in contact with the 20 
recessed area 818. This operation of engagement 
of the tapered portion 305 of the tubing adaptor 
301 with the recessed area 818 will be discussed 
further in detail below. 

Figure 84 shows a portion of a two-piece flex 25 
circuit 824 and 825. The flex circuit 824 may be 
thought of as a straight base portion having four 
orthogonally extending side arms. An exposed cir- 
cular conductive pad 826, 828, 830, 832 is located 
at the end of each of the four arms. A series of four 30 
terminals 834. 836, 838, 840 are located on the flex 
circuit 824 on the base portion near its centre. The 
conductive pads 826, 828, 830, 832 are electrically 
connected to the terminals 834, 836, 838. 840 by 
conductors 850, 852, 854, 856 respectively. 35 

The flex circuit 825 is a long tail segment 
having four terminals 842. 844, 846 and 848 on the 
end adjacent the flex circuit 824. The base portion 
of the flex circuit 824 and the flex circuit 825 are to 
be located close together, and thus effectively form 40 
a "T". Four more conductors 858, 860, 862 and 
864 are located in the flex circuit 825. The conduc- 
tors 858, 860, 862, 864 are electrically connected 
to the terminals 842, 844, 846, 848. respectively. It 
will be appreciated by those skilled in the art that 45 
the conductors 850. 852. 854, and 856 and the 
conductors 858. 860. 862 and 864 are electrically 
insulated on both sides. 

Figures 85 shows the assembly of two ultra- 
sonic transducers 866 and 868 to the flex circuit 50 
824. The transducers 866 and 868 are typically 
ceramic ultrasonic transducers. In a typical known 
assembly of ultrasonic transducers, soldering is 
used, with the danger of possible damage to the 
ceramic ultrasonic transducer. The present inven- 55 
tion instead uses conductive adhesive transfer 
tape, which has adhesive on both sides and is 
electrically conductive. Such conductive transfer 



tape is commercially available from 3M under the 
product identification number 9703. A disc-shaped 
segment of conductive transfer tape 870 both se- 
cures the conductive pad 826 to the one side of 
the ultrasonic transducer 866 and makes electrical 
contact between the conductive pad 826 and the 
one side of the ultrasonic transducer 866. 

Similarly, a disc-shaped segment of conductive 
transfer tape 872 is placed between the conductive 
pad 828 and the other sie (the front side) of the 
ultrasonic transducer 866. A disc-shaped segment 
of conductive transfer tape 874 is placed between 
the conductive pad 830 and one side (the front 
side) of the ultrasonic transducer 868. A disc- 
shaped segment of conductive transfer tape 876 is 
placed between the conductive pad 832 and the 
other side (the back side) of the ultrasonic trans- 
ducer 868. Thus, the ultrasonic transducers 866 
and 868 are assembled and electrically connected 
to the flex circuit 824. 

The disc-shaped segments of conductive trans- 
fer tape 870, 872, 874 and 876 are used in the 
preferred embodiment. Instead of using conductive 
transfer tape, conductive epoxy could be used, 
although the conductive transfer tape is preferred. 

Referring next to Figure 86, the ultrasonic tran- 
sducers 866 and 868 are assembled into the upper 
ultrasonic housing 800. The portion of the flex 
circuit 824 on the side of the conductive pad 828 
opposite the ultrasonic transducer 866 is adhe- 
sively bonded to the wall 812, thus securing the 
ultrasonic transducer 866 to the wall 812. Similarly, 
the portion of the flex circuit 824 on the side of the 
conductive pad 830 opposite the ultrasonic trans- 
ducer 868 is adhesively bonded to the wall 810, 
thus securing the ultrasonic transducer 868 to the 
wall 810. The adhesive used is preferably an 
elastomeric adhesive which can be applied in a 
thin coat with no air pockets. One such adhesive is 
Black Max adhesive. A small block of foam 878 is 
used to bear against the ultrasonic transducer 866 
and the associated attached portions of the flex 
circuit 824. Similarly, a small block of foam 880 is 
used to bear against the ultrasonic transducer 868 
and the associated attached portions of the flex 
circuit 824. 

The flex circuit 825 is directed through the 
rectangular aperture 806 in the upper ultrasonic 
housing 800. The connectors 858, 860, 862 and 
864 are electrically connected to a conector 882. A 
small printed circuit board 884 having various com- 
ponents thereon (Figure 87) is electrically con- 
nected to the terminals 834, 836, 838 and 840 
(Figure 84) on the flex circuit 824 and the terminals 
842, 844. 846 and 848 on the flex circuit 825. The 
printed circuit board 884 then rests in the third area 
in the upper ultrasonic housing 800, as shown. 

In an alternative embodiment, illustrated in Fig- 
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ure 85A, there are apertures in the conductive pads 
and the disc-shaped segments of conductive trans- 
fer tape located on the back sides of each of the 
ultrasonic transducers 866 and 868. Thus, the con- 
ductive pad 826 and segment 870 each have an 
aperture extending through to the back side of the 
ultrasonic transducer 866. Similarly, the conductive 
pad 832 and the segment 876 each have an ap- 
erture extending through to the back side of the 
ultrasonic transducer 868. The apertures allow the 
ultrasonic transducers 866 and 868 to flex more 
freely, and the strength of the output signal is 
approximately doubled by using these apertures. 

The apertures in the conductive pads 826 and 
832 and in the disc-shaped segments of conduc- 
tive transfer tape 870 and 876 are located centrally. 
The diameters of the ultrasonic transducers 866 
and 868, and the diameters of the conductive pads 
826, 828, 830 and 832, are approximately 0.21 
inches (5.3mm). In the preferred embodiment, the 
diameters of the apertures in the conductive pads 
826 and 832 and in the segments 870 and 876 are 
approximately 0.125 inches (3.2mm). The size of 
the apertures is dictated on the one hand by the 
desire to maintain a low resistance connection and 
on the other hand by the desire to maximise the 
amount of flexion in the ultrasonic transducers 866 
and 868. 

Figures 88 to 90 show an optical sensor mod- 
ule 670. The optical sensor module 670 is essen- 
tially rectangular in cross-section, with a wider rec- 
tangular flange 672 on top of the rectangular por- 
tion, and an oval portion 674 above the rectangular 
flange 672. A flex cable 676 extends from the top 
of the oval portion 674. Located around the circum- 
ference of the oval portion 674 is a groove 678, 
which will receive an elastomeric O-ring, which will 
retain the oval portion 674 of the optical sensor 
modules 670 in the oval apertures 426, 428, 430. 
The rectangular flange 672 will fit into the rectangu- 
lar recesses 420, 422, 424, in the first, second, or 
third pump positions, respectively. 

The rectangular portion of the optical sensor 
module 670 has at the front and immediately under 
the rectangular flange 672, a notch indicated gen- 
erally by numeral 680, which will receive the rear- 
most portion of the assembled cassette 302. Fur- 
ther details of the optical sensor module 670 are 
not necessary for the purposes of the present 
application. For a complete description of the con- 
struction of the optical sensor module 670. EP-A- 
319277 may be referred to. 

Figures 91 to 93 show a valve actuator 620. 
The valve actuator 620 includes a thin, essentially 
rectangular portion 622, and has a circular bearing 
624 rotatably mounted near the top. The circular 
outer diameter of the bearing 624 extends slightly 
above the top of the rectangular portion 622. The 



rectangular portion 622 of the valve actuator 620 
has chamfered edges at its lower end as indicated 
generally at 625, and has a small notch 626, 628 in 
both lateral sides of the rectangular portion 622 

5 above the lower end. The small notches 626 and 
628 are for receiving means for retaining the valve 
actuator 620 in position once it is installed; this will 
become evident below in conjunction with the dis- 
cussion of the assembly of the main pump unit. 

10 Figures 94 and 95 show a valve actuator guide 
630 which is used to guide and retain in position 
pairs of the vaJve actuators 620. The upper portion 
632 of the valve actuator guide 630 is square in 
cross-section, and lower portion 634 is circular in 

75 cross-section. Extending vertically through both the 
square upper portion 632 and the circular lower 
portion 634 of the valve actuator guide 630 are two 
apertures 636 and 638, which are rectangular in 
cross-section. The apertures 636 and 638 are di- 

20 mensional to allow the rectangular portion 622 of a 
valve actuator 620 to slide freely in each. 

One valve actuator guide 630 will be installed 
into each of the pump positions in the pump chas- 
sis 370. In the first pump position, the square 

25 upper portion 632 of the valve actuator guide 630 
will be located in the square aperture 438 on the 
pump chassis 370 and the circular lower portion 
634 of the valve actuator guide 630 will be located 
in the circular recess 432 on the pump chassis 

30 370. In the second pump position, the square up- 
per portion 632 will be located in the square ap- 
erture 440 and the circular lower portion 634 will be 
located in the circular recess 434. In the third 
pump position, the square upper portion 632 will be 

35 located in the square aperture 442 and the circular 
lower portion 634 will be located in the circular 
recess 436. 

Figures 96 to 98 show a pressure transducer 
660, One pressure transducer 660 will be installed 

40 in the pump chassis 370 in each pump position, in 
the circular recesses 444, 446 and 448. The pres- 
sure transducer 660 is essentially cylindrical, with a 
groove 662 located around the circumference of 
the pressure transducer 660. The groove 662 re- 

45 ceives an elastomeric O-ring. which will both retain 
the pressure transducers 660 in the circular reces- 
ses 444. 446 and 448, and provide a fluid seal. 
Located on top of the pressure transducer 660 is a 
square segment 664 in which the actual transducer 

so is located. The square segment 664 will be re- 
ceived in the cylindrical apertures 450. 452 and 
454. Extending upwards from the square segment 
664 are several leads 666. 

Figures 99 and 100 show a valve actuator seal 

55 650 which provides a fluid seal and, more impor- 
tantly, retains the valve actuators 620 (Figures 85 
to 87) in an upright position with their bearings 624 
against the lower portion 593 of the power module 
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cam 580. The outer circumference of the valve 
actuator seals 650 is of a size allowing them to be 
retained with a friction fit in the circular recesses 
432, 434, and 436 below the valve actuator guides 
630. A metal ring (not shown) may be moulded into 
the outer diameter of the valve actuator seals 650 
to improve their retention in the circular recesses 
432, 434, and 436. 

Two apertures 652 and 654 which are rectan- 
gular in configuration, are located in the valve ac- 
tuator seal 650 to receive the ends of the rectangu- 
lar portion 622 of the valve actuators 620. The 
lengths of the apertures 652 and 654 are shorter 
than the width of the rectangular portion 622 of the 
valve actuators 620. with the small notches 626 
and 628 in the rectangular portion 622 in each case 
being used to capture the end of one of the ap- 
ertures 652 and 654. It will be appreciated that the 
small notches 626 and 628 of the valve actuators 
620 will engage the apertures 652 and 652 in the 
valve actuator seal 650. thereby allowing the valve 
actuator seal 650 to exert a bias on the valve 
actuators 620. As will be seen below, the bias 
exerted by the valve actuator seal 650 on the valve 
actuators 620 is an upward one, urging the valve 
actuators 620 against the lower portion 583 of the 
power module cam 580. 

In the previous discussions of the various parts 
of the main pump unit, the function and inter- 
relationship between parts has been briefly dis- 
cussed. Before moving on to the operation of the 
main pump unit and the assembled cassette 302 a 
brief discussion of the assembly of the main pump 
unit is in order. This discussion specifically refers 
to Figures 62 to 65 (the pump chassis 370) and to 
Figures 101 to 103, and also to other figures which 
are specifically mentioned in the discussion. Details 
of the drive assembly are omitted in this specifica- 
tion. 

A hollow cylindrical pump shaft bearing 640 is 
: nstalled in both the top and the bottom of each of 
we apertures 414, 416 and 418 in the pump chas- 
sis 370. In the preferred embodiment, the pump 
shaft bearings 640 fit in the apertures 414. 416, 
418 with an interference fit to retain them there. 
The pump shaft bearings 640 and preferably made 
of a low friction material such as Teflon to allow the 
pump shafts 540 to move freely therein. 

Next, the valve actuator guides 630 are in- 
stalled from the bottom of the pump chassis 370 
into the circular recess 432 and the square ap- 
erture 438 in the first pump position, into the cir- 
cular recess 434 and the square aperture 440 in 
the second pump position, and into the circular 
recess 436 and the square aperture 442 in the third 
pump position. With the valve actuator guides 630 
installed, the bottom surface of each valve actuator 
guide 630 leaves a portion of the corresponding 



circular recess 432, 434, and 436 open from the 
bottom side of the pump chassis 370. The valve 
actuator seals 30 (Figures 97 and 98) will be in- 
stalled later in the circular recesses 432. 434, and 
5 436 below the valve actuator guides 630. 

The next step in this assembly is to install the 
two sensor modules. The pressure transducers 660 
(Figures 96 to 98) are installed from the bottom of 
the pump chassis 370 into the circular recesses 
w 444, 446, 448. The pressure transducers 660 are 
essentially cylindrical and with O-rings in the 
grooves 662 fit snugly into the circular recesses 
444. 446. 448 with their bottoms surfaces flush with 
the bottom surface of the pump chassis 370 ar- 
ts ound the circular recesses 44, 446 and 448. The 
upper surface of the cylindrical portion of the pres- 
sure transducers 660 fit against the cylindrical ap- 
ertures 450, 452, and 454 in the pump chassis 370. 
Although not shown in the drawings, a thin mem- 
20 brane may be placed adhesively over the bottom 
of the pressure transducer 660 and the surrounding 
portion of the bottom surface of the pump chassis 
370. This thin membrane protects the pressure 
transducer 660 from fluids which may inadvertently 
25 or accidentally come in to contact with the device. 

Optical sensor assembles 670 (Figures 88 to 
90) are installed in the rectangular recesses 420. 
422, and 446 of the pump chassis 370 fitting into 
the oval apertures 426, 428 and 430. The optical 
30 sensor modules 670 are retained in position by the 
pressure of O-rings in the grooves 678 in the 
optical sensor modules 670, and by the cassette 
guides 510. 

The next step in the the assembly of the main 

35 pump unit mechanical components on the pump 
chassis 370 is the installation of the cassette guide 
510 (Figures 66 to 69) and the slide lock 560 
(Figures 71 to 76). The slide lock 560 is installed 
ont o the cassette guide 510 by placing the portion 

40 of the slide lock 560 including the bottom of the 
slide channel 562 into the rectangular aperture 518 
in the cassette guide 510 from above, with the 
rectangular connecting segment 566 of the slide 
lock 560 extending over the portion of the area 522 

45 at the rear of the cassette guide 510. This aligns 
the interior of the U-shaped slide channel 562 on 
the slide lock 560 with the back end of the thin 
rectangular track 530 on the cassette guide 510. 
The slide lock 560 is then moved forwards with 

so respect to the cassette guide 510, so that the 
interior of the slide channel 562 fits over the thin 
rectangular track 530 until the blocking segment of 
the cassette guide 510 is contacted by the slide 
lock 560. 

55 The upper ultrasonic housing 800 and its asso- 
ciated components as shown in Figure 87 are then 
covered by attaching the lower ultrasonic housing 
814. In the preferred embodiment, one of three 
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manufacturing techniques may be used to attach 
the upper ultrasonic housing 800 and the lower 
ultrasonic housing 814 together. They may be ad- 
hesively secured together, they may be ultra- 
sonicaliy welded together, or a potting material 
may be used to fill the interiors of both compo- 
nents to produce a potted assembly. The upper 
ultrasonic housing 800 is then adhesively attached 
to the cassette guide 510, with the flex circuit 825 
extending through the chimney 515 of the cassette 
guide 510. The U-shaped ridge 802 and the 
straight ridge 804 fit into the interior of the lower 
segment 511 of the cassette guide 510, and the 
adhesive securely attaches the upper ultrasonic 
housing 800 to the cassette guide 510. 

The cassette guides 510 together with the slide 
locks 560 may then be mounted into the three 
pump positions on the pump chassis 370, which 
already contain the optical sensor module 670, 
using two screws (not shown). In the first pump 
position, the flex circuit 825 which extends through 
the chimney 515 of the cassette guide 510 is fed 
through the rectangular aperture 427 in the pump 
chassis 370. A screw is introduced through the 
aperture 514 in the cassette guide 510 into the 
threaded aperture 402 in the pump chassis 370, 
and a second screw is introduced through the 
aperture 512 in the cassette guide 510 into the 
threaded aperture 404 in the pump chassis 370. 

In the second pump position, the flex circuit 
825 which extends through the chimney 515 of the 
cassette guide 510 is fed through the rectangular 
aperture 429 in the pump chassis 370. A screw is 
introduced through the aperture 514 in the cassette 
guide 510 into the threaded aperture 406 in the 
pump chassis 370, and a second screw is intro- 
duced through the aperture 512 in the cassette 
guide 510 into the threaded aperture 408 in the 
pump chassis 370. In the third pump position, the 
flex circuit 825 which extends through the chimney 
515 of the cassette guide 510 is fed through the 
rectangular aperture 431 in the pump chassis 370. 
A screw is introduced through the aperture 514 in 
the cassette guide 510 into the threaded aperture 
410 in the pump chassis 370, and a second screw 
is introduced through the aperture 512 in the cas- 
sette guide 510 into the threaded aperture 412 in 
the pump chassis 370. By way of example, the 
cassette guide 510 and the slide lock 560 are 
shown mounted in the first pump position in Figure 
101. 

Next, the pump shafts 540 are installed in the 
pump shaft bearings 640, which have previously 
been installed in the apertures 414, 416 and 418. 
The end of the pump shafts 540 containing the 
conical recess 550 are inserted through the pump 
shaft bearings 640 from above, with the alignment 
wheel 546 being located between one of the three 



pairs of guide fingers, namely the guide fingers 
490 and 492 for the first pump position, the guide 
fingers 494 and 496 for the second pump position, 
and the guide fingers 498 and 500 for the third 
5 pump position. The pump shaft 540 is shown in- 
stalled in the first pump position in Figure 112. 

The valve actuators 620 are installed next, with 
one pair of the valve actuators 620 being installed 
in each pump position. The bottom ends of the 

to valve actuators 620 having the chamfered edges 
625 are inserted through the top sides of the vaive 
actuator guides 630, with one pair of valve ac- 
tuators 620 being instalied in each of the three 
vaive actuator guides 630. The pair of valve ac- 

15 tuators 620 are inserted into the apertures 636 and 
638 in the valve actuator guides 630 with the 
bearings 624 on each actuator 620 facing away 
from each other. 

It will be appreciated that the rectangular por- 

20 tions 622 of the valve actuators 620 will extend 
downwards through the apertures 636 and 638 in 
the valve actuator guides 630. As stated above, a 
valve actuator seal 650 is used in each of the three 
pump positions, mounted from beneath the pump 

25 chassis 370into the circular recesses 432, 434 and 
436 below the valve actuator guides 630. The outer 
circumference of the valve actuator seals 650 
causes them to be retained with a friction fit in the 
circular recess 432, 434, and 436. 

30 The lower ends of the rectangular portions 622 
of each pair of the valve actuators 620 extend 
downwards through the apertures 652 and 654 in 
the respective valve actuator seal 650. The small 
notches 626 and 628 in one valve actuator 620 is 

35 retained in the aperture 652 in the valve actuator 
seal 650, and the other valve actuator 620 is simi- 
larly retained in the aperture 654. As shown in 
Rgures 113 and 114 the valve actuator seals 650 
will tend to urge the valve actuators 620 in an 

40 upward direction. In the preferred embodiment the 
bottoms of the valve actuators 620 having the 
chamfered edges 625 will protrude somewhat from 
the bottom surface of the pump chassis 370 ar- 
ound the circular recesses 432, 434 and 436 even 

45 when the valve actuators 620 are in their open 
position. For example in their open position they 
may protrude approximately thirty thousands of an 
inch (0.8mm), and in their closed position they may 
protrude seventy thousands of an inch (1.8mm). 

so This upward biasing of the valve actuator 620 
is essential both to allow the assembled cassettes 
302 to be freely inserted, and to maintain the valve 
actuators 620 in an upward position with their bear- 
ings 624 against the lower portion 593 of the power 

55 module cam 580. The valve actuator seals 650 
accordingly function both to provide a fluid seal 
and to bias the valve actuators 620 to the upward 
position described. 

23 
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The next step in the assembly of the main 
pump unit is to install power module assemblies 
(one of which is shown in Figure 101) onto each of 
the three pump positions on the pump chassis 370. 
For the details of this procedure, EP-A-319277 may 
be referred to. 

The final component to be installed is the jaws 
assembly 360 (Figures 59 to 61), with one jaw 
assembly 360 being installed in each of the three 
pump positions and engaging the bottom of the 
pump shafts 540, which are located in the ap- 
ertures 414, 416 and 418. The bottom end of the 
pump shaft 540 with its conical recess 550 is 
inserted into the cylindrical aperture 316 in the 
latch head 310 of the jaws assembly 360. A retain- 
ing screw (not shown) is screwed into the threaded 
aperture 318 in the latch head 310, and into the 
conical recess 550 of the pump shaft 540 to retain 
the jaws assembly 360 in place on the bottom of 
the pump chassis 370. 

The location of the installed jaws assembly 360 
is shown in Figure 102, with the slide lock 560 and 
the latch jaw 340 in the open position. The link pin 
354 on the latch jaw 340 is located in the U-shaped 
channel 568 of the slide lock 560. and movement 
of the slide lock 560 will accordingly cause the 
latch jaw 340 to move. When the slide lock 560 is 
fully forward, as shown in Figure 99, the latch jaw 
340 will be in the open position, with the jaw 
portion 342 of the latch jaw 340 away from the right 
jaw 314 of the latch head 310. When the slide lock 
560 is pushed towards the back of the pump chas- 
sis 370, as shown in Figure 103, the latch jaw 340 
will be in the closed position, with the jaw portion 
342 of the latch jaw 340 closely adjacent the right 
jaw 314 of the latch head 310. 

This completes the discussion of the assembly 
of the main pump unit with three pump positions. 

The installation of the assembled cassette 302 
at the first pump position, will now be described. 
The installationof the assembled cassette into the 
other two pump positions is identical to the installa- 
tion into of the first pump position. 

With the slide latch 240 pulled back fully away 
from the front of the assembled cassette 302 
(Figures 45 and 46), the wider portion of the elon- 
gate, tear-shaped aperture 258 in the slide latch 
240 will close the tube 306, preventing fluid from 
flowing though the assembled cassette 302. The 
inlet tube 304 is connected to a fluid source such 
as an IV bag (not shown), and the delivery tube 
303 is connected to a fluid delivery device such as 
an injection set (not shown), the use of which is 
well known in the art. The slide latch 240 is 
opened, together with any other closures in the IV 
bag line, and fluid fills the lines, the assembled 
cassette 302, and the injection set. By tapping or 
shaking the assembled cassette 302 any residual 



air bubbles will flow out through the line. The slide 
latch 240 is then pulled back and the outlet tube 
306 is closed, and the system is in a primed 
condition with the assembled cassette 302 ready to 

5 be installed onto the main pump unit. 

When the slide latch 240 is pulled back, an 
opening is left between the front portion 242 of the 
slide latch 240 and the front top portion of the 
assembled cassette 302 (made up of the cassette 

to body 100 and the retainer cap 190) facing the front 
portion 242 of the slide latch 240. In this example, 
where the assembled cassette 302 is to be moun- 
ted in the first position, the opening between the 
front portion 242 of the slide latch 240 and the front 

75 top portion of the assembled cassette 302 will 
admit the fist pair of angled segments 372 and 374 
as the assembled cassette 302 is installed. The top 
surface of the assembled cassette 302, which is 
the retainer cap 190 (Figure 43), will abut against 

20 the bottom of the pump chassis 370 (Figure 62) 

Prior to installing the assembled cassette 302 
into the main pump unit, the slide lock 560 must be 
fully forward with the latch jaw 340 opened away 
from the latch head 310, as mentioned previously 

25 and as shown in Figure 99. In addition, the jaws 
assembly 360 should be in its fully upward posi- 
tion. 

Referring now to Figure 104, the rear-most 
edge of the assembled cassette 302 is tilted up- 

30 wards in front of the first pump position. The an- 
gled position of the tubing adaptor 301 should also 
be noted. The rear-most edge of the top of the 
assembled cassette 302 is then placed against the 
bottom of the pump chassis 370 between the pres- 

35 sure transducer 660 (mounted flush with the bot- 
tom of the pump chassis 370) and the top side of 
the cassette guide 510, as shown in Figure 105. As 
the assembled cassette 302 is so positioned, the 
outlet tube 306 will begin to move into the funnel- 

40 shaped entrances to the slots 808 and 816 in the 
upper ultrasonic housing 800 and the lower ultra- 
sonic housing 814, respectively. Simultaneously, 
the top of the tapered portion 305 of the tubing 
adaptor 301 will contact the ramps 820 and 822 on 

45 the lower ultrasonic housing 814, as shown in Fig- 
ure 105. This engagement is key, since the ramps 
820 and 822 will urge the tapered portion 305 of 
the tubing adaptor 301 rearwards toward the re- 
cessed area 818. 

so The rear-most portion of the top of the assem- 
bled cassette 302 is slid towards the back of the 
pump chassis 370 into position between the left 
lateral support wall 384 on the left-hand side and 
the right lateral support wall 390 on the right-hand 

55 side, with most of the rear-most portion of the top 
of the assembled cassette 302 fitting into the notch 
680 in the optical sensor module 670. The upper 
right back corner of the assembled cassette 302 is 

24 
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supported and positioned in the back of the assem- 
bled cassette 302 behind the pump cylinder 112 
(Figure 4) and on the portion of the right-hand side 
of the assembled cassette 302 adjacent the pump 
cylinder 1 12 by the right corner support wall 396. 

As this movement of the assembled cassette 
302 rearwards into engagement with the main 
pump unit is occurring, the outlet tube 306 will 
continue to be pulled into the slots 808 and 816 in 
the upper and lower ultrasonic housings 800 and 
814, respectively. The tapered portion 305 of the 
tubing adaptor 301 will slide back into the recessed 
area 818, as shown in Figure 106. Thus, the in- 
stallation of the assembled cassette 302 into the 
main pump unit will automatically engage the outlet 
tube 306 in position between the ultrasonic trans- 
ducers 866 and 868. The outlet tube 305 is de- 
formed slightly in the slots 808 and 816 since the 
width of the slots 808 and 816 is less than the 
outer diameter of the outlet tube 306. This ensures 
good contact of the outlet tube 306 with the walls 
810 and 812 in the upper ultrasonic housing 800. 
and thus good contact with the ultrasonic trans- 
ducers 866 and 868. 

When the assembled cassette 302 is pushed 
fully back into place, the front of the assembled 
cassette 302 is tilted upwards against the bottom of 
the pump chassis 370, stretching slightly the outlet 
tube 306. At this point, the first pair of angled 
segments 372 and 374 on the bottom of the pump 
chassis 370 get into the area between the front 
portion 242 of the slide latch 240 and the front top 
portion of the assembled cassette 302. The slide 
latch 240 may then be pushed into the cassette 
body 100 as shown in Figure 106, sliding the 
Inverted L-shaped portion 250 of the slide latch 240 
into engagement with the angled segment 372, and 
sliding the inverted, backwards L-shaped portion 
252 of the slide latch 240 into engagement with the 
angled segment 374. The assembled cassette 302 
will thus be held in position on the bottom of the 
pump chassis 370 until the slide latch 240 is again 
pulled back, releasing the assembled cassette 302. 

Simultaneously, the outlet tube 306 will be 
opened, but fluid will not flow through the outlet 
tube 306 since at least one of the valve actuators 
620 will be in its fully downward position at any 
given time, thereby preventing free flow through 
the assembled cassette 302 whenever the assem- 
bled cassette 302 is installed on the main pump 
unit It will also be noted that in this initially in- 
stalled position, the piston cap portion 262 is lo- 
cated at the very top of the pump cylinder 112. 

The pumping operation of the system de- 
scribed above will not be described fully. Rather, 
for a complete description of the pumping opera- 
tion, EP-A-319277 may be referred to. 

The air-in-line detector of the present invention 



uses the pair of ultrasonic transducers 866 and 868 
(Figure 86) to detect the presence of air in the 
outlet tube 306 of the assembled cassette 302 
(Figure 106). The basic principle of operation is 

5 simple: liquids readily propagate ultrasonic energy 
while air or foam is a poor conductor of ultrasonic 
energy, in practice, several orders of magnitude 
poorer than liquids. In the discussion of the opera- 
tion of the system, it will be assumed that the 

10 ultrasonic transducer 866 is the transmitter and the 
ultrasonic transducer 868 is the receiver. When the 
ultrasonic transducer 866 is driven by an oscillating 
signal at a resonant frequency, it will vibrate at that 
frequency. As the driving frequency moves away 

15 from the resonant frequency, the vibration will di- 
minish to a very small value at some distance away 
from the resonant frequency. Thus, the strength of 
the vibrations is at a maximum at the resonant 
frequency, and will diminish as the driving fre- 

20 quency moves either higher or lower than the reso- 
nant frequency. 

In order for the system to function at its opti- 
mum, the ultrasonic transducers 866 and 868 
should have approximately the same resonant fre- 

25 quency. The vibrations from the ultrasonic trans- 
ducer 866 are directed through a segment of tub- 
ing to the ultrasonic transducer 868, where they will 
cause an output from the ultrasonic transducer 868 
which is proportional to the strength of the vibra- 

30 tions received by the ultrasonic transducer 868. If 
there is a good conduit of vibrations between the 
transducers 866 and 868, the output from the trans- 
ducer 868 will closely resemble the resonant input 
signal used to drive the transducer 866. 

35 When ultrasonic vibrations are generated by 
the transducer 866, they must pass through the 
outlet tube 306 to reach the transducer 868. If the 
outlet tube 306 contains liquid at the location be- 
tween the ultrasonic transducers 866 and 868, the 

40 ultrasonic vibrations will easily pass through. On 
the other hand, if there is air in the outlet tube 306 
at the location between the transducers 866 and 
868. the ultrasonic vibrations will become greatly 
attenuated and a much lower signal (two orders of 

45 magnitude lower) will be detected. 

A simplified overview of the oepration of the 
entire pump system is illustrated in Figure 107. A 
pump control system 886 is used to drive a power 
module 888, which in turn operates a pump 890. 

50 An encoder 892 is used to supply position informa- 
tion from the power module 888, which position 
information will indicate both the position of the 
pump 890 (which in the present system is a piston- 
type pump located in the assembled cassette 302) 

55 and the amount of fluid pumped by the pump 890. 
The pump 890 pumps fluid from a fluid input 
through a pressure transducer 894, and then 
through an ultrasonic air-in-line detector (AILD) 896 



25 



49 



EP 0 416 911 A2 



50 



to a fluid output 

The encoder 892 provides an encoder output 
which is supplied to the pump control system 886 
as a feedback signal. The pressure transducer 894 
provides a pressure output signal which is supplied 5 
to the pump control system 886 for use in monitor- 
ing the pressure to detect an occluded line situ- 
ation. The AILD scheme used by the system of the 
present invention has two additional components, 
namely an AILD monitoring system 898 and a self- 10 
test system 900. The ultrasonic AILD 896 supplies 
two signals to the AILD monitoring system 898 and 
the self-test system 900. specifically, an interrupt 
signal and an AILD output signal. The nature of 
these two signals will become evident in the de- rs 
tailed discussion below. 

The AILD monitoring system 898 is used to 
monitor the signals from the ultrasonic AILD 896 to 
determine when air is present in the liquid line. 
More particularly, in the preferred embodiment the 20 
AILD monitoring system 898 will be used to deter- 
mine when a predetermined amount of air has 
passed through the line during the passage past 
the sensor of a particular quantity of pumped vol- 
ume, which is called a volume window. When the 25 
predetermined amount of air has been present in 
the liquid line during a volume window, an alarm 
will be sounded and the pumping of fluid will be 
halted. The concept of a volume window will be 
explained in detail below. 30 

The self-test system 900 is used periodically to 
ensure that the ultrasonic AILD 896 is functioning 
properly, and not giving false assurances that there 
is liquid in the line when in fact there is air in the 
line. The self-test system 900 functions by provid- 35 
ing a test signal to the ultrasonic AILD 896 causing 
it to operate during the self-test at a frequency 
which is not resonant. Thus, during the self-test 
procedure a signal should be generated which 
would otherwise indicate the presence of air in the 40 
line. The generation of an air-in-line signal during 
the self-test procedure is an indication that the 
system is functioning properly. 

Referring next to Figure 108, a clock having an 
operating frequency of 3.072 MHz is used to drive 45 
the transmitter circuitry. The clock signal is sup- 
plied to a duty cycle generator 902, which gen- 
erates a 166 uS low pulse once every 1.33 mS 
(750 Hz). The 750 Hz rate is chosen to be suffi- 
ciently often to detect a bubble at even the highest 50 
flow rates through the outlet tube 306. The pulse is 
thus on a one-eighth duty cycle, whch is used to 
conserve power in the system. The output pulse 
train of the duty cycle generator 902 is supplied as 
the inhibit input to a voltage controlled oscillator 55 
(VCO) 904. 

The output pulse train from the duty cycle 
generator 902 is also supplied as an input to an 



inverter 906. The output of the inverter 906 is 
supplied to one side of a resistor 908, the other 
side of which is connected to the VCO in pin of the 
VCO 904. A capacitor 910 is connected on one 
side to the VCO in pin of the VCO 904, and on the 
other side to earth. The resistor 908 and the ca- 
pacitor 910 act as an RC integrator to integrate the 
inverted inhibit waveform. The inhibit waveform 
supplied to the VCO 904 and the VCO input 
waveform supplied to the VCO 904 are illustrated 
in Figure 111. 

The output of the VCO 904 will be a variable 
frequency sweeping from a lower frequency to a 
higher frequency. The resonant frequency of the 
ultrasonic transducers 866 and 868 is nominally 1 .8 
MHz. Unless the ultrasonic transducers 866 and 
868 are high precision devices, the exact resonant 
frequencies may vary somewhat, and may also 
vary slightly over a period of time. Thus, the VCO 
904 is used to generate a variable frequency 
sweeping from, for example, 1 .3 MHz to 2.3 MHz, a 
sweep which is certain to include the resonant 
frequency of the ultrasonic transducers 866 and 
868. . This sweep will be generated on the one- 
eighth duty cycle as shown in Rgure 111, thereby 
conserving the energy required by the VCO 904 
while repeating the sweep on a 750 Hz frequency 
to detect bubbles even at the fastest flow rate. 

Referring again to Figure 108. the output of the 
VCO 904 is supplied to one input side of three 
single-pole, double-throw switches 91 2A. 91 2B, 
91 2C. The other input side of these switches 91 2A, 
91 2B, 91 2C is connected directly to the 3.072 MHz 
clock. The outputs of the switches 91 2A, 912B,m 
91 2C may thus be switched between the output of 
the VCO 940 and the 3.072 MHz clock. Normally, 
the outputs of the switches 912A, 912B, 91 2C are 
connected to the output of the VCO 904. Only 
when the self-test is to be performed are the out- 
puts of the switches 912A. 912B, 912C connected 
to the 3.072 MHz clock signal. 

The outputs of the switches 912A, 91 2B, 91 2C 
are connected to the input side of three nverters 
91 4A. 91 4B, 91 4C, respectively. The outputs of the 
three inverters 91 4A, 91 4B, 91 4C are connected to 
the inputs of three buffers 91 6A, 91 6B, 91 6C, re- 
spectively. The three buffers 91 6A, 91 6B, 91 6C are 
each contained on one of the printed circuit boards 
884 (Rgure 878) used for the three channels. The 
outputs of the three buffers are connected to one 
side of three (one for each channel) ultrasonic 
transducers 866A, 866B, 866C, respectively. The 
other sides of the three ultrasonic transducers 
866A, 866B, 866C are earthed. 

Referring again to Rgure 111 in addition to 
Figure 108, it is apparent that the three ultrasonic 
transducers 866A, 866B, 866C will be excited by 
the sweeping frequency from 1 .3 MHz to 2.3 MHz 
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on a one-eighth duty cycle once every 1.33 ms 
(750 Hz). This is frequent enough so that even at 
the maximum pumping rate only a small amount of 
liquid can pass the position of the ultrasonic trans- 
ducer pairs between sequential ultrasonic transmis- 
sions. The one-eighth duty cycle conserves energy 
used by both the VCO 904 and the three ultrasonic 
transducers 866A, 866B, 866C. 

Figure 109 illustrates the receiver circuitry 
used for one of the three channels, with the other 
two channels using identical circuitry. The receiving 
transducer for the first channel is the ultrasonic 
transducer 868A, the output of which is supplied to 
a cascode preamplifier 91 8A. The output of the 
cascode preamplifier 91 8A will be a signal increas- 
ing in strength at the resonant frequency when fluid 
is present, and thus having a triangular envelope as 
illustrated in Figure 111. The output of the cascode 
preamplifier 91 8A is supplied to a detector/rectifier 
920A, the output of which is the rectifier output 
shown in Rgure 111. 

The output of the detector/rectifier 920A is sup- 
plied to a first comparator 922A, which produces 
the waveform shown in Rgure 111 when the en- 
velope from the detector/rectifier 920A is below a 
threshold. The output from the first comparator 
922A is supplied to an RC timer/second detector 
924A, which integrates the output from the first 
comparator 922A. as shown in Rgure 111. The 
integrated output is reset each time there is a 
signal from the ultrasonic transducer 868A which is 
over the threshold of the first comparator 922A. 
When there is air in the line, the integrated signal 
will not be reset, causing it to reach the threshold 
of the second comparator. At this point, the output 
of the sensor A circuitry will go low. 

In summary, when there is liquid in the outlet 
tube 306, the ultrasonic transducer 868A will re- 
ceive a strong signal, and a high sensor A output 
will be given indicating the presence of liquid in the 
outlet tube 306. When there is air in the outlet tube 
306, the ultrasonic transducer 868A will receive a 
weak signal, and a low sensor A output will be 
given indicating the presence of air in the outlet 
tube 306. Circuitry identical to that shown in Rgure 
109 is used for the other two channels. 

Rgure 110 shows additional processing cir- 
cuitry used to obtain the two signals used by the 
AILD monitoring system 898 and the self-test sys- 
tem 900 of Rgure 107. The sensor A output is 
supplied to the D input of a latch 924A. the output 
of which is AILD output A. AILD output A will be 
low when there is liquid in the outlet tube 306, and 
high when there is air in the outlet tube 306. AILD 
output A is supplied to an edge detector 926A (one 
possible circuit for which is illustrated), the output 
of which will be a Channel A edge signal indicating 
either a rising or a falling edge in AILD output A. 



Thus, whenever an air/liquid interface is detected, 
the edge detector 928 A will produce an output 
signal. 

The other two channels use similar circuitry to 
5 produce corresponding signals. Thus, an AILD out- 
put and a Channel B edge signal will be produced 
by circuitry for Channel B. Similarly, an AILD out- 
put C and a Channel C edge signal will be pro- 
duced by circuitry for Channel C. 

w The Channel A edge signal, the Channel B 
edge signal, and the Channel C edge signal are 
supplied to an OR gate 930. The output of the OR 
gate 930 will be high if any of the three inputs are 
high. Thus, whenever an edge is present in any of 

75 AILD output A, AILD output B, or AILD output C, 
the output of the OR gate 930 will be high. The 
output of the OR gate 930 is used to latch a latch 
932 high, to generate an interrupt signal AILD IRQ. 
This interrupt signal indicates that a change in state 

20 of one of AILD output A. AILD output B, or AILD 
output C has occurred. 

Thus, the circuitry of Rgure 110 will generate 
two signals. The first signal indicates the presence 
of air or liquid in the outlet tube 306 of a channel, 

25 and the second signal indicates a change in state 
in one of the three channels. The first signal thus 
comprises the signals AILD output A. AILD output 
B, or AILD output C, while the second signal is the 
interrupt signal AILD IRQ. For the rest of the ex- 

30 planation of the operation of the system, only the 
first channel (channel A) will be discussed. The 
operation of the other two channels (channels B 
and CO is identical to the operation of the first 
channel. 

35 Prior to a discussion of the operation of the 
AILD monitoring system 898, the concept of con- 
trolling the amount of air which may be pumped 
into a patient must first be discussed. First, it must 
be realised that it is not harmful to pump a small 

40 amount of air intravenously into many patients; in 
fact, many medications are not degassed and will 
contain air which may form small bubbles. Some 
patients (who are few in number) can tolerate the 
introduction of no air whatsoever into their venous 

45 systems, such as neonates, pediatrics, and those 
patients having septal defects. Other than when 
infusing fluid into such patients, or performing an 
intra-arterial infusion, the introduction of very small 
quantities of air is not believed to be particularly 

so harmful. The attending physician also has the op- 
tion of using air eliminating filters in such patients. 

The other problem faced in monitoring air in 
the fluid line to a patient is that it is undesirable to 
have too many alarms due to extremely small 

55 amounts of air being infused into most patients. 
The professional staff in most hospitals tend to 
view such frequent alarms as nuisance alarms 
which are undesirable and serve no useful purpose. 

27 
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Thus, the real purpose of an AILD system is to 
prevent unduly large, potentially dangerous quan- 
tities of air from being pumped into a patient. It is 
therefore necessary for the AILD system to allow 
some air past it without giving an alarm, since a 
failure to do so could result in a large number of 
nuisance alarms. The AILD system must always 
alarm at some threshold, which has been selected 
at a high enough value to prevent nuisance alarms 
but yet is low enough to sense uniformly an 
amount of air presenting even a remote threat to 
the health of the patient. This objective may be 
implemented by using the concept of windowing. 

The concept of windowing is when the passage 
of air bubbles in the immediately prceding preset 
volume of fluid is remembered. Such a window is 
used to monitor the amount of air which may be 
included in the most recent amount of a particular 
volume pumped to the patient For example, in the 
last 2 millilitres of volume pumped, less than 100 
microlitres of air may be present without an alarm. 
As soon as 100 microlitres of air is present in the 
last 2 millilitres of volume pumped, an alarm is to 
be given. This may be seen as a "forgetting" factor 
in which all air bubbles pumped prior to the last 2 
millilitres of volume pumped are forgotten by the 
system. 

Such a volume window allows a particular 
amount of air less than a predetermined volume to 
be pumped within the last predetermined window 
volume. In the preferred embodiment the predeter- 
mined volume is one-twentieth (0.05) of the window 
volume. The window volume may be up to three 
millilitres, which is less than the volume of the 
delivery tubing 303. Thus, for a 50 microlitre pre- 
determined volume, the window volume would be 1 
millilitre, and for a 100 microlitre predetermined 
volume, the window volume would be 2 millilitres. 

In some circumstances a larger predetermined 
volume may be appropriate. In any event it will be 
realised by those skilled in the art that the propor- 
tion could be varied from perhaps one-one hun- 
dredth (with a substantial increase in the number of 
nuisance alarms) to perhaps as low as one-sixth 
(with special precautions such as the use of an air 
filter being taken). The preferred proportion is ap- 
proximately one-twentieth. 

The windowing scheme used by the present 
invention uses two pieces of information to deter- 
mine whether the system has just pumped air or 
liquid in the immediately preceding time period 
since the net previous update. First the sensor will 
detect whether there is currently air in the line at 
the sensor location. The second piece of informa- 
tion is whether at the immediately preceding time 
period at which information was being gathered 
there was air or liquid at the sensor location. This 
second information will thus indicate whether the 



bubble currently sensed is a continuation of a 
bubble started earlier, or the leading edge of a new 
bubble. Thus, whether the system has just been 
pumpng liquid or air in the immediately preceding 
5 time interval since the last update may be deter- 
mined. 

For example, If the current sensor reading in- 
dicates air in the line and the immediately previous 
reading was also air, then there is at the present 

10 time a continuing air bubble present in the line. If 
the current sensor reading indicates air in the line 
and the immediately previous reading was liquid, 
then the leading edge of an air bubble has been 
sensed. If the current sensor reading indicates liq- 

15 uid in the line and the immediately previous read- 
ing was air, then the trailing edge of an air bubble 
has been sensed. If current sensor reading in- 
dicates liquid in the line and the immediately pre- 
vious reading was also liquid, then there is at the 

20 present time a continuing segment of liquid present 
in the line. 

The operation of the AILD monitoring system 
898 will now be discussed with reference to the 
flow chart of Figure 112. The operation is a circu- 

25 itous one, repeating at a high frequency, and be- 
ginning at block 934. Since the system discussed 
is a three channel system, only the operation of the 
first channel (Channel A) will be discussed; the 
operation of the other two channels (Channels B 

30 and C) is identical. In block 934 it is determined 
whether an interrupt signal AILD IRQ has been 
generated. If no interrupt signal has been gen- 
erated, the operation goes to block 936. If an 
interrupt signal has been generated, the latch 932 

35 (Figure 110) is reset by an AILD IRQ CLR signal on 
pin C. The operation would then proceed to block 
938. 

In block 936 it is determined whether the end 
of a delivery stroke in the pump 890 (Figure 107) 

40 has been reached. If the end of a delivery stroke 
has not been reached, the operation would then 
proceed to block 938. Thus, it is apparent that the 
chain of events beginning at block 938 will be 
initiated either if an interrupt signal is generated or 

45 if the end of a delivery stroke has been reached. 

In block 938 the AILD output is read; for chan- 
nel A, AILD output A would be read. Then, in block 
940, the encoder output (for encoder A) is read. 
This will indicate how much volume has been 

so pumped since the last time the operation occurred. 
Then, in block 942, the pressure output (for chan- 
nel A) is read. This may be used to normalise the 
volume pumped using Boyle's law (PiVi=P 2 V2). 
Then, in block 944, a determination is made wheth- 

55 er AILD output A indicates that there is currently air 
in the line at the sensor location. This is the first 
piece of information mentioned above, and it en- 
ables the system to divide into one of two 
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branches depending on the outcome of the deter- 
mination. 

If there is currently air in the portion of the 
liquid line where the sensor is located, the system 
moves to block 946; if there is currently no air In 
the portion of the fluid line where the sensor is 
located, the system moves to block 948. The oper- 
ations which follow block 946 thus follow a deter- 
mination that there is currently air in the tubing at 
the sensor location. Similarly, the operations which 
follow block 948 follow a determination that there is 
currently no air in the tubing at the sensor location. 
In each case, the second piece of information, 
whether in the immediately preceding time period 
at which information was gathered there was air or 
liquid at the sensor location, must next be evalu- 
ated for each of the two possibilities in blocks 946 
and 948. 

First in block 946, a determination is made as 
to whether in the immediately preceding cycle dur- 
ing which information was gathered there was air or 
liquid at the sensor location. If the determination is 
made that there was air in the tubing at the sensor 
location at the time of ths next previous update, the 
system will move to block 950. If, on the other 
hand the determination is made that there was no 
air in the tubing at the sensor location at the time 
of this next previous update, the system will move 
to block 952. 

Thus, block 950 will be reached if the current 
sensor reading indicates air in the line and the 
immediately previous reading also indicated the 
presence of air in the line. In this case, there is an 
air bubble in the line which existed at the next 
previous sensor reading and which still exists. 
Thus, in the block 950 the additional volume of the 
air bubble between the time of the next previous 
sensor reading and the present time is computed. 
Then, in block 954, the window is updated to 
calculate how much of the volume window is cur- 
rently air bubbles. 

In block 954 the additional volume of the air 
bubble between the time of the next previous sen- 
sor reading and the present time is added to the 
volume of air contained in the volume window, and 
air bubbles now beyond the back edge of the 
window are subtracted from the volume of air con- 
tained in the volume window. In this manner, the 
volume window is updated to determine the volume 
of gas bubbles in the last volume window volume 
to pass through the ultrasonic sensor. 

The sequence would then move to block 960, 
in which a determination is made as to whether the 
portion of the volume window which is air bubbles 
exceeds the predetermined maximum. If the por- 
tion of the volume window which is air bubbles 
does exceed the predetermined maximum, the sys- 
tem moves to block 962, and an alarm is sounded 



and the pumping of liquid by the system will be 
halted. If the portion of the volume window which is 
air bubbles does not exceed the predetermined 
maximum, the system moves back to block 934. 

s Block 952 will be reached if the current sensor 

reading indicates air in the line and the imme- 
diately previous reading indicated the presence of 
liquid in the line. In this case, there is an air bubble 
in the line which did not exist at the next previous 

to sensor reading, but rather has just started (the 
starting edge of the bubble has been detected). 
Thus, in block 952 the additional volume of the 
liquid between the time of the next previous sensor 
reading up to the beginning of the bubble is com- 

?5 puted. Then, in block 956, the window is updated 
to calculate how much of the volume window is air. 

In the preferred embodiment, an allowance is 
made for the fact that an air bubble must be at 
least a minimum size before it can be detected. 

20 Thus, when an air bubble is first detected, it is 
assumed that it is at least this minimum bubble 
size up to this point. The minimum bubble size 
used in the preferred embodiment is 6 microlitres. 
In block 956, since there Is liquid between the 

25 time of the next previous sensor reading and the 
present time, only the minimum bubble size of 6 
microlitres is added to the volume of air contained 
in the volume window, and air bubbles now beyond 
the back edge of the window are subtracted from 

30 the volume of air contained in the volume window. 
In this manner, the volume window is updated to 
determine the volume of air bubbles in the last 
volume window volume to pass through the ultra- 
sonic sensor. 

35 In block 958. the window information is 
switched to indicate that the present information, 
soon to become the next previous update, indi- 
cates the presence of air. Thus, the next time the 
system moves through the loop, the second piece 

40 of information will indicate that at the previous 
update, there was air present in the tubing. 

The sequence would then move to block 960, 
in which a determination is made as to whether the 
portion of the volume window which is air bubbles 

45 exceeds the predetermined maximum. If the por- 
tion of the volume window which is air bubbles 
exceeds the predetermined maximum, the system 
moves to block 962, and an alarm is sounded and 
the pumping of fluid by the system will be halted. If 

so the portion of the volume window which is air 
bubbles does not exceed the predetermined maxi- 
mum, the system moves back to block 934. 

Alternatively, if there is presently no air in the 
line in block 944, the system would have moved to 

55 block 948. In block 948. a determination is made 
as to whether at the immediately preceding time 
period at which information was gathered there was 
air or liquid at the sensor location. If the determina- 
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tion is made that there was air in the tubing at the 
sensor location at the time of this next previous 
update, the system will move to block 964. If, on 
the other hand the determination is made that there 
was no air in the tubing at the sensor location at 
the time of this next previous update, the system 
will move to block 966. 

Thus, the block 964 will be reached if the 
current sensor reading indicates a lack of air pres- 
ently in the line, but the immediately previous 
reading indicated the presence of air in the line. In 
this case, there was an air bubble In the line which 
existed at the next previous sensor reading, but 
which bubble ended (the trailing edge of an air 
bubble has been detected). Thus, in the block 964 
the additional volume of the gas bubble between 
the time of the next previous sensor reading and its 
ending point at the present time is computed. 
Then, in block 968, the window is updated to 
calculate how much of the volume window is air 
bubbles. 

In block 968 the additional volume of the air 
bubble from the time of the next previous sensor 
reading which ended at the present time is added 
to the volume of air contained in the volume win- 
dow, and air bubbles now beyond the back edge of 
the window are subtracted from the volume of air 
contained in the volume window. In this manner, 
the volume window is updated to determine the 
volume of air bubbles in the last volume window 
volume to pass through the ultrasonic sensor. 

In block 972, the window information is 
switched to indicate that the present information, 
soon to become the next previous update, indi- 
cates the absence of air. Thus, the next time the 
system moves through the loop, the second piece 
of information will indicate that at the previous 
update, there was no air present in the tubing. 

The sequence would then move to block 960, 
in which a determination is made as to whether the 
portion of the volume window which is air bubbles 
exceeds the predetermined maximum. If the por- 
tion of the volume window which is air bubbles 
exceeds the predetermined maximum, the system 
moves to block 962, and an alarm is sounded and 
the pumping of fluid by the system will be halted. If 
the portion of the volume window which is air 
bubbles does not exceed the predetermined maxi- 
mum, the system moves back to block 934. 

It must be realised that the flow chart of Figure 
112 represents a highly simplified example of how 
the system may be implemented to perform the 
windowing function. Those skilled in the art will 
immediately understand the principles behind this 
operation, and will be able to implement it in a 
variety of ways. The advantages of the technique 
are self-evident; the pumping of an excessive 
maount of air into a patient is avoided, while the 



occurrence of nuisance alarms is also avoided. 

Turning now to Figure 113, the operation of the 
self-test system is illustrated in a simplified man- 
ner. The self-test is performed in the preferred 
5 embodiment once per cycle after it has been deter- 
mined that the end of a delivery cycle has been 
reached, assuming that the portion of the volume 
window which is air bubbles did not exceed the 
predetermined maximum. The initial determination 

w is made In block 980 whether the end of a delivery 
cycle has been reached. If the end of a delivery 
cycle has been reached, the system moves to 
block 982. If the end of a delivery cycle has not 
been reached, the system moves back to the be- 

is ginning of block 980. 

A determination is made in block 982 whether 
AILD output A indicates that there is currently air in 
the line at the sensor location. If there is air in the 
line, the self-test may not be run, and the system 

20 moves back to the beginning of block 980. If there 
is not currently air in the sensor, the system moves 
to block 984. 

In block 984, the frequency supplied to the 
ultrasonic transducer 866A is changed to a non- 
25 resonant frequency. (Referring briefly to Figure 
108, the switch 91 2A would be switched to connect 
the 3.072 MHz clock to the inverter 91 4A.) This 
frequency is far enough from the resonant fre- 
quency that the ultrasonic transducer 868A will not 

30 resonate. At this point, the AILD output A should 
indicate air and an interrupt signal should quickly 
be generated. If a signal is generated by the ultra- 
sonic transducer 868B, this would indicate that 
there is a failure in the ultrasonic transducer 868B 

35 or in the associated electronics. 

Accordingly, in block 986, if the interrupt signal 
does not appear within a preset time it will be 
apparent that there is an error, and the AILD fault 
signal 987 will be sounded and the pumping opera- 

40 tion halted. If the interrupt signal appears within the 
preset time, it is an indication that the system is 
functioning properly, the system will move on to 
block 988. In block 988, the frequency supplied to 
the ultrasonic transducer 866A is changed back to 

45 the periodic resonant frequency encompassing 
sweep. (Referring briefly to Figure 108, the switch 
91 2A would be switched to connect the output of 
the VCO 904 to the inverter 91 4A.) The system will 
move back to the beginning of block 980, and the 

so sequence will be repeated. 

Through the above discussion of the entire 
system, it will be appreciated that the present 
invention provides a self-test system which will 
detect all non-fail-safe occurrences. Thus, the self- 

55 test system will detect the occurrence of a receiver 
output stuck high and provide an alarm and shut 
down the pumping system. The self-test system 
also will detect the occurrence of electrical cou- 
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pling which causes a false indication of the pres- 
ence of liquid in the fluid line, and provide an alarm 
and shut down the pumping system. 

The self-test system performs the self-test pe- 
riodically, and sufficiently often to ensure that such 
a failure will be detected promptly before air can 
be pumped into the patient. The self-test system 
uses no additional components, and requires no 
modification to the cassette, yet it affords the high- 
est degree of accuracy in detecting a system fault. 
The system accomplishes all these objects in a 
manner which retains and enhances the advan- 
tages of reliability, durability, and safety of opera- 
tion, without incurring any relative disadvantage. 



Claims 

1. An ultrasonic air-in-line detection system having 
an ultrasonic transmitter (866) driven at a first reso- 
nant frequency and an ultrasonic receiver (868) for 
producing a first output signal when there is liquid 
in a fluid passageway (306) and a second output 
signal when there is an air bubble in the fluid 
passageway (306), characterised by a self-test sys- 
tem (900) comprises means (904) for driving the 
ultrasonic transmitter at a second non-resonant fre- 
quency; means (922A, 924A) for monitoring the 
output signal from the ultrasonic receiver (868) to 
determine whether the first output signal or the 
second output signal is produced; and means for 
providing a fault signal if the monitoring means 
determines that the first output signal is produced 
by the ultrasonic receiver when the ultrasonic 
transmitter is driven at the second non-resonant 
frequency. 

2. A system as claimed in Claim 1 , characterised in 
that the ultrasonic transmitter comprises: a first 
transducer (866) located on one side of the fluid 
passageway (306), the first ultrasonic transducer 
(866) being resonant at the said resonant frequen- 
cy; and means (04) for selectively driving the first 
ultrasonic transducer (866) either at the first reso- 
nant frequency or at a second non-resonant fre- 
quency at which the first and second ultrasonic 
transducers are not resonant, the first ultrasonic 
transducer (866), when driven at the first frequency 
generating ultrasonic vibrations which are transmit- 
ted to the said one side of the fluid passageway 
(306) and through the fluid passageway to be re- 
ceived by the second ultrasonic transducer (868) 
when there is liquid in the fluid passageway; the 
ultrasonic vibrations substantially not passing 
through the fluid passageway (306) an not being 
received by the second ultrasonic transducer when 
there is an air bubble in the fluid passageway; and 
in which the ultrasonic receiver comprises: a sec- 
ond ultrasonic transducer (868) located on the oth- 



er side of the fluid passageway (306), the second 
ultrasonic transducer (868) also being resonant at 
the first resonant frequency; and a receiver for 
detecting ultrasonic vibrations received by the sec- 
5 ond transducer and providing either the first output 
signal or the second output signal. 

3. A system as claimed In Claim 2, characterised in 
that resonant frequency of the first and/or the sec- 
ond ultrasonic transducer (866, 868) is approxi- 

70 mately the first resonant frequency. 

4. A system as claimed in any preceding claim, 
characterised in that the ultrasonic transmitter tran- 
sducer is driven by a variable frequency ranging 
from a third frequency to a fourth frequency, the 

is first resonant frequencies falling in the range be- 
tween the third and fourth frequencies. 

5. A system as claimed in any preceding claim, 
characterised in that the second non-resonant fre- 
quency varies substantially from the first resonant 

20 frequency. 

6. A system as claimed in any preceding claim, 
characterised in that the driving means includes a 
source of the second non-resonant frequency and 
a switching device (91 2A) for switching between 

25 the first resonant frequency and the second non- 
resonant frequency. 

7. A system as claimed in any preceding claim, 
characterised in that the driving means drives the 
ultrasonic transmitter periodically at the second 

30 non-resonant frequency. 

8. A system as claimed in any preceding claim, 
characterised in that the driving means does not 
drive the ultrasonic transmitter at the second non- 
resonant frequency if the second output signal is 

35 being produced by the ultrasonic receiver. 

9. A system as claimed in any preceding claim, 
characterised in that the driving means drives the 
ultrasonic transmitter at the second non-resonant 
for a time sufficient only to determine whether the 

40 first output signal or the second output signal is 
produced. 

10. A system as claimed in any preceding claim, 
characterised in that the means for providing a fault 
signal provides an audible or visible alarm signal 

45 and shuts down the pumping operation through the 
fluid passageway. 

11. A method of testing an ultrasonic air-in-line 
detection system to ensure that it is operating 
properly, the ultrasonic air-in-line detection system 

50 having an ultrasonic transmitter (866) driven at a 
first resonant frequency and an ultrasonic receiver 
(868) for producing a first output signal when there 
is liquid in a fluid passageway (306) and a second 
output signal when there is an air bubble in the 

55 fluid passageway, characterised by: driving the ul- 
trasonic transmitter (866) at a second non-resonant 
frequency; monitoring the output signal from the 
ultrasonic receiver (868) to determine whether the 
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first output signal or the second output signal is 
produced; and providing a fault signal if in the 
monitoring step it is determined that the first output 
signal is produced by the ultrasonic receiver when 
the ultrasonic transmitter is driven at the second s 
non-resonant frequency. 

12. A method as claimed in Claim 11, charac- 
terised by initially determining whether the first 
output signal or the second signal is being pro- 
duced by the ultrasonic transmitter (866), and if the 10 
second output signal is being produced, not driving 

the ultrasonic transmitter (866) at the second non- 
resonant frequency. 

13. A method as claimed in Claim 11 or Claim 12, 
characterised by allowing the ultrasonic transmit- 15 
ters (866) to be driven a the first resonant fre- 
quency if in the monitoring step it is determined 

that the second output signal is produced by the 
ultrasonic receiver when the ultrasonic transmitter 
(866) is driven at the second non-resonant fre- 20 
quency. 



25 



30 



35 



40 



45 



50 



55 



32 



EP 0 416 911 A2 




33 



EP 0 416 911 A2 




34 



EP 0 416 911 A2 



170 




188 



182 



184 
186 



230 



232 




230- — 

1 

I78 y 4j80 2 34^ 

, a ,^k 232 M ^'MllliiZZJ 



m 

nnnr. 




ter ^~/80 

FnGclE 



238 





238 



230 



232 




JrJT£3c=,tz3 




230^^236 



FrcsdO 



FrcsaS6 



35 



EP 0 416 911 A2 




i 



Mm 



TELL 



206><208 <*IO 



AW 




— 



#0 
204 




204 



36 



EP 0 416 911 A2 




37 



EP 0 416 911 A2 





FxgcBV FjoG a 41 Ftg 0 3S 



38 



EP 0 416 911 A2 




39 



EP 0 416 911 A2 




40 



EP 0 416 911 A2 





41 



EP 0 416 911 A2 




42 



EP 0 416 911 A2 



546) 



548' 



r 

540 



FtEcj 70 



{542 



"544 



<562 



z 



i 



564 '566 
560-J 

Ftg^71 



564 

TLJlj 



( 56» 



FjOt3cj7S 



566 



1 



3P 



IH IIIlillli: 



562 

'Will / 



Till 



570 



imifTTTT 



FriB<=,73 



560' 



5«? 



Ftibc74 



r 56B 



568 

Ftgcd 7S 



560 



570 
-568 



678s 





57* 



674 



W Mil 



f£tf7if 



r 

670 



679 
KW2 



680 



FrtBaGO 



Fre^SS 



c 



670 



■'HlJlimiiiiiiiiiHi!^ 


r in 






III 


II 






MpHMMmiiiiiiitniiiiiiiiilllllirail 




674 



Ftg^IDO 



Fr£Bc=,SS 



43 



EP 0 416 911 A2 




44 



EP 0 416 911 A2 




45 



EP 0 416 911 A2 





HAS THE END OF A 
DELIVERY STROKE 
BEEN REACHED 



YES 



AT THIS TIME 
THERE AIR 
THE LINE 



Y ES 

{9 82 

TIME, IS \ 
AIR IN > 



NO 



1 



964 



CHANGE FREQUENCY 
TO NON- RESONANT 
FREQUENCY 



< 



1 



986 



DOES INTERRUPT 
SIGNAL APPEAR 
IN A SET TIME 



YES 



r 



(986 



CHANGE BACK TO 

RESONANT 
FREQUENCY SWEEP 



I 



987 



AILD FAULT 



Fusils 



46 



EP 0 416 911 A2 




47 



EP 0 416 911 A2 




48 



EP 0 416 911 A2 



1 



886 



PUMP CONTROL 
SYSTEM 



POWER 
MODULE 



{892 



ENCODER 



ENCOOER OUTPUT 



PRESSURE OUTPUT 



(898 



AILD 
MONITORING 
SYSTEM 



INTERRUPT 



AILD OUTPUT 



{900 TEST 
* — » SIGNAL 



SELFTEST 
SYSTEM 



TESTC- 
TESTB- 
TEST A- 



(802 



CLK 
(3072 
MHz) 



DUTY 
CYCLE 
GEN. 



906) 



908. 




FLUID 
INPUT 

H 



(890 



PUMP 



(894 



PRESSURE 
TRANSDUCER 



n 



(896 



ULTRASONIC 
AILO 



FLUIO 
OUTPUT 



914A \ (9 



884 

— ^ 
9I6A ; 



866A 



9/46 (9168 

f> — t>- 



.8668 



(9I4C 



9I2C 



(9/6C 

tut 



866C 



49 



EP 0 416 911 A2 



T 



HAS AN INTERRUPT 
SIGNAL BEEN 
GENERATED 

♦yes 



5 



934 
NO 



< 



9J5 

HAS THE ENDOFA\ NO 
DELIVERY STROKE 
BEEN REACHED 



J YES 



READ THE 
AILD OUTPUT 



READ THE 
ENCODER OUTPUT 



READ THE 
PRESSURE OUTPUT 



^942 




1 W 



DOES THE WINDOW 
INDICATE AIR AT 
PREVIOUS UPDATE 



T 



AT THIS TIME 
THERE AIR IN 
THE LINE 



\950 



COMP. ADDITIONAL 
VOLUME OF THE 
AIR BUBBLE 



YES/ 



944 
NO 



(946 



{952 



COMP AOOITtONAL 
VOLUME OF FLUID 
PUMPEO 



DOES THE WINDOW 
INDICATE AIR AT 
PREVIOUS UPDATE 

{964 



COMR ADDITIONAL 
VOLUME OF AIR 
PUMPED 



(954 



UPDATE THE TOTAL 
AIR PER WINDOW 



i 



956 



UPOATE THE TOTAL 
AIR PER WINDOW 



\N0 

n 



966 



COMP ADDITIONAL 
VOLUME OF THE 
FLUID 



(968 



UPDATE THE TOTAL 
AIR PER WNDOW 



[958 



SWITCH WINDOW TO 
INDICATE AIR AT 
PREVIOUS UPDATE 



970 



UPDATE THE TOTAL 
AIR PER WINDOW 



[972 



SWITCH WINDOW TO 
INDICATE FLUID AT 
PREVIOUS UPDATE 



HO/ CHECK V 
\ FOR ALARM / 



(960 
S YES 



1 



962 



AILD ALARM 



fr 
i 



1 

j &/8A 


(920A 




(922A 


(924A 




CASCOOE 
PREAMP 




DETECTOR/ 
RECTIFIER 




COMPARATOR 
1 




RC TIMER/ 


•1 








COMPARATOR 

2 



SENSOR A 
OUTPUT 



50 



EP 0 416 911 A2 




■UlllllWIllllIll 

0 Publication number: 0 416 911 A3 



© EUROPEAN PATENT APPLICATION 



© Application number: 90309744.2 © Int. CI. 5 : G01N 29/02, G01 H 3/00, 

A61M 5/36 

© Date of filing: 05.09.90 



® Priority: 05.09.89 US 403259 


12884 Bradley Avenue 


Sylmar California 91343(US) 


© Date of publication of application: 


@ Inventor: Slate, John B. 


13.03.91 Bulletin 91/11 




4084 Kraft Avenue 


© Designated Contracting States: 


Studio City, California 91644(US) 


DE FR GB IT NL SE 


Inventor: Henke, James L 




3092 Amarillo Drive 


(§) Date of deferred publication of the search report: 


Siml Valley, California 93063(US) 


10.04.91 Bulletin 91/15 






© Representative: Rees, David Christopher et al 


© Applicant: PACESETTER INFUSION LTD. doing 


Kllbum & Strode 30 John Street 


business as MINIMED TECHNOLOGIES 


London WC1N 2DD(GB) 



© Ultrasonic alr-ln-llne detector self-test technique. 




Europaisches Patentamt 
European Patent Office 
Office europden des brevets 



00 
< 



o 
to 

5 



© An ultrasonic air-in-line detection system for use 
detecting air bubbles in the fluid line (306) of a 
disposable cassette mounted on a main pump unit in 
which a self-test procedure (900) is periodically used 
to ensure that any faults in the ultrasonic air-in-line 
detector which so not fail safe are automatically 
detected. After a pumping cycle is completed, if the 
ultrasonic air-in-line detector indicates that there is 
liquid in the fluid line at the location of the ultrasonic 
sensor, the operating frequency of the transmitting 
ultrasonic transducer (866) is changed to a non- 
resonant frequency for the self-test procedure. If the 
ultrasonic air-in-line detector still produces a signal 
indicating that there is fluid in the line, this indicates 
that there is a failure in the ultrasonic detector and a 
fault is indicated and the system is shut down. 



(980 



KHAS THE ENOOFA \ 
DELIVERY STROKE > 
BEEN REACHED / 

r B cm * 

YEs/ AT THIS TIME. IS \ 
-l^J THERE AIR IN > 
\ THE LIKE / 



(984 



CHANGE FREQUENCY 
TO NQN- RESONANT 
FREQUENCY 



<0OES INTERRUPTXho 
SIGNAL APPEAR V 22 - 
IN A SET TIME / 
| YES .ooo 



CHANGE BACK TO 

RESONANT 
FREQUENCY SWEEP 



[987 



AILO FAULT 



Q. 
LU 



Xerox Copy Centre 



J 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 
EP 20 30 9744 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



to 



CLASSIFICATION OF THE 
APPLICATION (int. CIJS) 



US-A-4 706 509 (RIEBEL ET AL) 
■ the whole document ■ 

EP-A-0181 272 (HOSPALAG.) 

• abstract " 

EP-A-0 222 986 (STOECKERT INSTR.) 

* abstract; figures * 



1,11 



1,11 



1,11 



Q 01 N 
29/02 



TECHNICAL FIELDS 
SEARCHED <ttlt Ci-5> 



G 01 N 



The present search report has been drawn up for all claims 



Place of search 

The Hague 



a of completion of search 

11 February 91 



KOUZELIS D. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant If combined with another 

document of the same catagory 
A: technological background 
0: non-written disclosure 
P: intermediate document 
T : theory or principle underlying the invention 



E : earlier patent document, but published on, or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



